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Honeywell Control System 


cuts waste for Irish Sugar Company 
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ALL AVAILABLE HEAT ENERGY TURNED TO PRODUCTIVE USE 


Add such economies to these other Honeywell achievements... 
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Nature’s 








incredible 
pump! 





Nature’s pump is the heart; and the biggest heart belongs 
to the Blue Whale. A 90 ft. specimen has a heart weighing 

half a ton—big enough for a boy to crawl into (which is 
exactly what a boy did, many years ago). We do not make 
Metering Pumps as heavy as that, but size is no criterion ofa 

a Metering Pump’s efficiency. It would be 

better to judge our Metering Pumps 

by the way in which they handle almost 
anything from concentrated 


(GAY C 
aS 
sulphuric acid to plain water—in 


os 
quantities up to 1200 g.p.h. and at NGF 


pressures up to 5000 p.s.i. as standard. We are 
always interested in considering special 
features to suit site conditions or process problems. (If you 

have such a problem at this moment, put it in a letter to us 
immediately). And note this, too. Our After-Sales service 

is geared to serve you in every possible way. 
Even our Sales Representatives are trained and 
qualified to service our pumps whenever required. 
Write for Publication 101. It will interest you. 
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21, The Mall, Ealing, London, W.5. Telephone: EALing 4024/5 
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LETTERS TO CONTROL 


The Editor welcomes correspondence for publication. 


Training Control Engineers 


SIR: Sir Harold Hartley has suggested that degree (and by 
implication, Dip. Tech.) courses for all engineers 
should provide a common grounding in fundamental 
physics and mathematics during the first part of the 
course, followed by specialization in the later part. 
The suggested course should have a duratior of four 
years but the entry qualifications are rot specified. 
Most degree and Dip. Tech. courses in this country 
last for three years full-time, (or the equivalent in 
the Sandwich Course), the entry qualification being 
Advanced Level G.C.E. passes in mathematics and 
physics (and possibly chemistry also). 

The engineering courses which are at present pro- 
vided (degree or Dip. Tech.), do in fact fit Sir Harold’s 
scheme better than he perhaps realizes. There has 
been for many years a habit of calling the same thing 
by different names. Thus most of the topics 
dealt with in the pure science faculties as ‘applied 
mathematics’ appear in engineering faculties as 
‘applied mechanics’; those which are known as ‘pro- 
perties of ‘matter’ in a physics course may, in an en- 
gineering course, be included in applied mechanics, 
or in expanded form in strength of materials and in 
mechanics of fluids. 

The engineering course provided under the heading 
of strength of materials, for example, is not less fun- 
damental than that given in a physics course as pro- 
perties of matter, but the engineer is likely to use a 
50—tontensile testing machine rather than a Sucksmith 
ring balance to reduce the applied force, and factors of 
safety will certainly figure in the engineering course 
though they may not be mentioned in the physics 
course. In this, as in the other engineering courses on 
fundamentals, the student will normally receive his 
instruction fromengineers and the approach to problems 
will be an engineer’s approach. 


Engineering courses: first and second year 


Present engineering courses include in the first year 
mathematics, applied mechanics, applied heat (this 
includes some elementary technology of heat engines 
but is largely fundamental), principles of electricity 
and engineering drawing. Of these topics only the 
last can be considered as narrow training in a current 
technique, but although the standard of attainment re- 
quired is perhaps rather better than is really necessary, 
the ability to understand or produce drawings is es- 
sential in an engineer. 

The appropriate second year of a three-year control 
engineers’ course can best be decided after further 
consideration of the techniques which the control en- 
gineer must use and understand. J.F. Coales in his 
1959 presidential address to the Society of Instrument 
Technology gives a survey of the quantities which 
havetobe measured and controlled, and the techniques 
employed. He lists 21 subjects as mechanical, 47 as 
electrical, 9 as optical and 6 as chemical; others are 
a combination of mechanical and electrical. 

The second year of the course should, then, be largely 
electrical, and since most electrical measurements 
syllabuses include transducers and their use in the 
measurement of displacement, velocity, acceleration, 
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MARSH ALI: 


PULSE HEIGHT 


ANALYSER 
TYPE H.S.100 


* Torsional delay line 
data “storage with 
computer reliability 


%* Resolution constant 
or proportional to 
amplitude 


* Background subtrac- 
tion 


* Analysis of pulses of 
either sign from | 
mV to 50 V 


* Binary and decimal 
storage 


b * Both digital and an- 
alogue display 





% Storage capacity 2400 


digits * Analogue readout and 
*% High stability and automatic —_ printout 
linearity using either adding 
a ~ machine or electric 

* Built-in precision test typewriter 


pulse generator 


* Total count scaler and accurate live time integrator 
both of which are available for use as separate units 


MARSH ALI, 
TWIN-CHANNEL PULSE 
GENERATOR MODEL T-P:-G- 100 


Designed as a universal instrument for the development and general 

testing of electronic equipment. Extreme flexibility in use is achieved 

by virtue of the complete independence of the two channels apart 

from a common repetition frequency. The output pulses are fast- 

rising, of clean waveform, and at low impedance level. 

In addition to the facilities normally offered in a pulse generator, 
precise measurements of the resolution time of coincidence circuits, 
triggering characteristics of discriminators, and the overload per- 
formance of pulse amplifiers are readily made. 

A pre-pulse is provided for the purpose of triggering auxiliary 
apparatus. 

The “A” and “B” channel output pulses are independently variable 
in amplitude, duration, risetime. delay relative to the pre-pulse and 
polarity. 

Pulses from the two channels may be additively mixed if desired 
so that they appear at a single terminal. 


FOR COMPLETE DATA WRITE TO: 


MARSHALL OF CAMBRIDGE 
ELECTRONICS LIMITED 


THE AERODROME, CAMBRIDGE, ENGLAND 
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force, strain, temperature, pressure, level and flow, an 
introduction to measurements should be included. 
Present courses for second year electrical engineering 
students usually include mathematics, electrical theory 
and measurements, electrical power and machines, 
electronics and telecommunications, with possibly an 
additional mechanical engineering subject or en- 
gineering physics. 
How much control theory in the third year 

It may be argued that this is the ideal arrangement 
for the second year of a control engineering course. 
The control engineer is concerned with the use of 
electrical machines and a wide variety of electronic 
apparatus and should have at least some acquaintance 
with the theory of modulation and of the transmission 
of electrical signals. It should be emphasized that at 
this stage the course is still concerned mainly with 
fundamentals, not with details of current techniques. 

The third year of most electrical engineering degree 
(or Dip. Tech.)courses includes electronics, electrical 
measurements and mathematics and one or two other 
electrical subjects. Some control theory may be in- 
cluded in one of the electrical subjects, but little more 
than an introduction to the topic. 

If the electrical graduate continues his studies for 
oneyearina full-time postgraduate control engineering 
course he will take control theory, instrumentation, 
mathematics, process control, servomechanisms, an- 
alogue methods, digital methods, etc., and the course 
may deal with methods of dealing with non-linear sys- 
tems and the methods of deriving system response. 

An alternative is to introduce some specialization in 
the third year of the course. The first two years would 
then be those described previously, but the third year 
would include mathematics, electronics, control and in- 
strumentation, and another related topic. Clearly the 
graduate from this course will not be so well prepared 
as a graduate from the four-year course suggested above, 
but he will be in a comparable position to a graduate 
from the other three-year engineering courses. He will 
have been trained inthe fundamentals of his speciality 
and after two or three years of industrial experience 
can be considered as a junior engineer. 


The Battersea Dip. Tech. Course 
A suitable third year course, originated by Dr. 

d’Ombrain, is offered by Battersea College of Tech- 
nology. The Dip. Tech. (Elec. Eng.) course has the 
first and second years which are described above and 
are common to all students. In the third year students 
may opt to take the control engineering speciality, 
when the subjects taken are mathematics, electrical 
measurements (which includes transducers), elec- 
tronics, and industrial instrumentation and control. 

No students have yet reached the final year of the 

Dip. Tech. course so that it is not possible to discuss, 
from experience, the value of this course for training 
control engineers. However, the pattern of the course 
seems to match Sir Harold Hartley’s ideal, and it has 
the merit, from the point of view of the student, that a 
decision as to specialization is not required until the 
final year. 
Head of Electrical Engineering Dept. 


Battersea College of Technology. W.F. LOVERING 
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* TRUE 


DOUBLE-BEAM 
OSCILLOGRAPH 


* 


there is no beam switching. 


CATHODE-RAY TUBE 


Cossor 4 in. (10 cm.) double-beam, p.d.a., 
type 93D with green fluorescence, operating 
with overall accelerating potential of 3 kV or 
6 kV. 


Yt AMPLIFIER 

1 c/s to 10 Mc/s (30% down). 

Rise-time : 0.04 sec. 

Output deflection : 6 cm (4 cm at 10 Mc/s). 
Sensitivity : calibrated 100 mV/cm to 10 V/cm. 
Sensitivity control : in steps 3:1 and 10:1 with 
continuously variable intermediate control. 


Input Attenuator impedance : 1.2 MQ and 
65 pF. 


Y2 AMPLIFIER 


Identical with Y1 amplifier. 


SIGNAL DELAY 


200 mysec approximately. Not more than 
10 mysec differential between channels. 


PRE-AMPLIFIER (2) 

Gain 10. 5 c/s to 200 kc/s (30% down). 
Input Resistance: 3 MQ. 

One for Al amplifier, the other for A2 or X 
amplifier. 





ADVANCED 


True double-beam—i.e. both 
beams use a common x-axis and 





PROBES (OPTIONAL EXTRA) 
Frequency-compensated “‘L”’ attenuator. 
Input impedance: 6 MQ and 15 pF. 
Insertion loss: 10:1. 


TIME-BASE 


Triggered. 

Range : 0.03 ysec/cm to 15 msec/cm in eleven 
steps. Triggered from positive or negative 
signals derived externally or from YI 
amplifier. 

Sensitivity: pulse—1 cm. deflection or 2 V 
external. Sine wave—2 cm deflection or 2 V 
r.m.s. external at frequencies up to 5 Mc/s. 
Expansion amplifier, continuously variable 
gain up to 5 times. Time-base output avail- 
able at front panel on slow speed ranges. 
Delayed time-base: continuously variable 
delay 2 psec to 150 psec. Delay jitter not 
greater than | part in 1,000. Sensitivity pulse 
—1 cm deflection or 2 V external. 


X AMPLIFIER 

10 c/s to 750 kc/s (30% down). 

As time-base amplifier : continuously variable 
expansion up to 5 times. 

As independent X amplifier: sensitivity vari- 
able from | V/cm to 100 V/cm in 5 ranges. 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone: CANonbury 1234 (33 lines). 


62 


Telegrams: Cossor, Norphone, London. 






Tick No 63 on reply card for further details 





Cables: Cossor, London. 


















CALIBRATION 


Voltage measurement: internal calibrating 
voltage (square wave) referred through sensi- 
tivity control of the amplifiers. Accuracy - 3%. 
Time measurement: by directly calibrated X 
shift control (+5°%) and/or by 20 musec(+3%) 
black-out pips (for accurate measurement of 
rise-time). 


POWER SUPPLY 


Mains: 100 V to 130 V and 200 V to 250 V. 
Frequency : 50 c/s to 100 c/s. 
Consumption : 550 W. 


_Internal supplies are stabilized where neces- 


sary. 


SIZE AND WEIGHT 


Height: 174 in. (43.2 cm). 
Width: 12 in. (30.5 cm). 
Depth: 24} in. (62.9 cm). 
Weight: 80 Ib. (36.3 kg). 
ACCESSORY 


Camera Model 1428. 


COSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


Code: Bentley’s Second 
TAS/C1. 
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CONTROL 


Uncertain terms 


Someone has said that it is nearly as difficult 
for engineers to agree on a definition of ‘servo’ 
as for theologians to agree on defining ‘sin’. 
But not only definitions of commonly used con- 
trol terms cause disagreement; no accepted terms 
exist for many control system conceots, and 
synonymous expression such as on-off action, 
two-step action and two-position action flourish 
in this country. Moreover some British Standard 
terms such as monitoring feedback find hardly 
any support among practising engineers at present. 
Again one cannot be blind to the dichotomy in 
control engineering (though happily it is growing 
less sharp); like Saxon and Viking in the Dark 
Ages the process man and the servo man have 
different outlooks, and the terms each favours 
differ also. Basic terms such as servo-mechanism 
and comparison element do not appear in the BS 
process control glossary, while the concept of 
‘potential value’ elaborated in it has little ap- 
peal for the servo man. The causes of this lie in 
the history of control engineering, whose hapha- 
zard growth has led to haphazard language, while 
the absence of a real parent body for the tech- 
nology in Britain adds to apathy and diversity. 

What are the present standard glossaries on the 
subject in Britain? Quite rightly, those available 
to the public are issued by the BSI. Control en- 
gineering is so extensive that there are several 
BS glossaries which should be known to the con- 
trol engineer but which lie in the wings rather 
than the centre of his stage, such as those on 
Electrical Engineering, Automatic Digital Com- 
puters, and the Performance of Measuring Instru- 
ments. But the important Standard for him is BS 
1523, ‘Glossary of Terms used in Automatic 
Controlling and Regulating Systems’. 


Unfortunately, this Standard, though full of 
good definitions, is the Cinderella of BS glos- 
saries. Three parts of it, on process control, 
kinetic control and servo components, have ap- 
peared; two, on common terms and automatic re- 
gulators, are yet to come. No part has been 
published since 1954, and the only BSI committee 
working on the glossary is concerned with a re- 
vision of the process control part. This revision 
is nearly complete, and will, we understand, 
bring process control and kinetic control termin- 
ologies more into line, as well as keeping in 
step with Continental glossaries. We welcome 
this development, but it does not excuse the de- 
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lay in the completion of BS 1523. Even with a 
comprehensive up-to-date engineering glossary 
it is hard enough to persuade people to adopt 
its standard terms where other ones exist, but 
when the glossary is incomplete it loses driving 
force and has even less appeal. We urge the BSI 
to give more priority to BS 1523 and strive with 
fresh effort to finish the job. An authoritative 
and complete glossary for the core of control 
engineering will be of real benefit to nearly all 
classes of engineer - particularly to those now 
being trained. Moreover the BSI might well con- 
sider adding a sixth part to BS 1523 - on the 
guidance and control of rocket vehicles. The 
Ministry of Supply has compiled a guided weapon 
glossary; surely most of the relevant definitions 
in this and their definitions could be released 
to the BSI as a basis for a national standard. 

Despite our criticism, we regret that more con- 
trol engineers do not take BS 1523 to heart in 
its present form; its text is sound so far as it 
goes, and its approach logical. Those who do 
not fancy terms like monitoring feedbacks in- 
herent feedback and coordinating element, or who 
feel that the distinction between servo-mechanism 
and servo-system is too fine for routine use 
should agitate and help to get the Standard re- 
viewed; more engineers willing to serve on draft- 
ing committees would no doubt help the BSI. 

In the USA a single comprehensive glossary 
of automatic control terms is being hammered 
out. This is what we need in Britain - and in- 
ternationally. No international English language 
glossary of control terminology exists. The 
subject may still be in its infancy compared with 
many older technologies, but the history of these 
shows that glossaries are usually produced too 
late rather than too early. We trust that IFAC 
and ISO will very soon turn their attention to- 
wards the need. Lack of internationally accepted 
terms makes communication of the results of re- 
search and development harder. 

More than anyone the lecturer in control engin- 
eering and the writer of textbooks need standard 
terms. Indeed standard glossaries find their true 
importance in the technical college, for it is the 
engineers now being trained who will bring more 
order into the language of control, as they replace 
older engineers who doubtless will cling to their 
familiar terms whatever thunder the BSI or CON- 
TROL may loose upon them. 


How control engineers have 
met unusual instrumentation 
problems in the new SEGAS 





Here I shall describe an example of how a compara- 
tively long established industry, which has moved 
from the employment: of a large labour force engaged 
in heavy manual work through the progressive stages 
of mechanization, is now beginning to use automatic 
control as well as automatic operation. 


The opportunity for automatic control arose through 
the South Eastern Gas Board’s decision to erect, near 
the oil refinery on the Isle of Grain, a novel gas- 
producing works, which is now in operation. Heavy 
instrumentation on the plant is feasible because there 
are no large quantities of solid materials to handle; it 
is also necessary because first the plants are cyclic 
and therefore extremely difficult to control manually. 
Secondly, the plants are intended to accept as a feed- 
stock whatever products of the refinery may from time 
to time be surplus to market requirements. They there- 
fore have to be extremely flexible in operation. 


Usually a works, instrumentation scheme tends to be 
designed by considering previous installations and 
modifying them in the light of improved techniques 
and operating experience. In the Grain gas-producing 
works, however, not only is the project new, but also 
the types of plant are novel and full scale experience 
was not available. There was no option therefore but 
to design the instrumentation scheme from first prin- 
ciples, and in order to take maximum advantage of the 
opportunity, not only the technical details, but the 
logical basis of many traditions and practices, had 
to be examined carefully. So I shall give next a short 
account of the principles behind the instrumentation 
used at Grain. 


The operator becomes an observer 


With automatic ¢pntrol the function of a plant opera- 
tor changes. The relationship between signal and ac- 
tionremains precisely the same as on a manually oper- 
ated plant but the human operator is no longer person- 
ally involved. He has become an observer. 
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Gas from oil at Grain 


cyclic gasification process 





by T. A. LUCAS, B.Sc., A.K.C.S., A.Inst.P., A.M.Inst.F. 


Instrument Engineer, South Eastern Gas Board 


His function as a monitor can be defined concisely 
as follows. He must observe that the automatic se- 
quence of signal and movement has taken place as it 
was intended to, and if not, he must interpose his 
human intelligence to correct any deviation. The 
change in the duties of the man from actual participa- 
tion to monitoring means that he is no longer tied to 
one particular sequence of operation. He can monitor 
not only the one which formerly he carried out person 
ally, but also many others: freed from his old obligation 
to act, he has more opportunity to observe. 

When the instruments and functions to be monitored 
by a single man are comparatively few, it may help 
his concentration if at regular intervals he is required 
toenterthe readings of key instruments.on a log sheet. 
But as the multiplicity of functions increases, the 
sheer effort of clerical work can absorb the man’s at- 
tention away from his primary job of watching what is 
going on, and being ready to act when necessary. The 
scope of command of the man who is monitoring a com- 
plex system of functions is greatly extended today by 
the ability tohand overtoa machine the duty of writing, 
or rather typing, the plant log sheet. 


Storing and collating informatien 


Because supervisory staff are not constantly on the 
operating stage, the information obtained by instru- 
ments must be stored and made available for the time 
when these men can use it. The commonest form of 
storage is the record drawn by a pen on a recorder 
chart, but here again care is necessary in delimiting 
the functions of the recorder chart and the typed record 
from a read-out machine. Recorder charts can become 
an intolerable burden if a conscientious man finds it 
necessary to inspect their uniformity millimetre by 
millimetre every day of his life. Normal operating con- 
ditions are best verified and recorded by a read-out 
machine where this is possible and recorder charts 
can then be scrutinised more for the interest and sig- 
nificance of their deviations. A small deviation on a 
single chart may indicate no more than a temporary 
fault in the operation of a controlling device, but it 
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may be much more significant. Consistent, or periodic 
departures from normal may give a valuable lead to a 
better understanding of the functioning of the process 
or plant, and to useful improvements in efficiency. It 
is a costly and tedious abuse of recording instruments 
to average and store large numbers of records contain- 
ing no instructive or abnormal features. The typed 
log sheets, together with those few recorder charts 
explanatory of deviations, should form all the records 
to be stored. Intelligent selection can remove a mono- 
tonous burden from members of the supervisory staff, 
and some features in instrument design can be intro- 
duced to obviate the application of arithmetical cor- 
rections to recorded readings. For example, the mea 
surement of gas volumes can be corrected for tempera- 
ture and pressure beforethe record is made, so avoiding 
the needto take three separate measurements and com- 
bine the indications manually. The information required 
and employed within the supervisory loop will not be 
wholly derived from instruments on the plant instru- 
ment panel. The results of laboratory tests should be 
brought in to assist the interpretation of operating re- 
cords, and other figures from weighbridges and storage 
tanks will also be required to complete the picture. 
The summary of all this collated information will be 
fed into the supervisions loop. 


Such were the principles which were applied when 
the Grain gasification project was designed.The in- 
strumentation which resulted from the application of 
these principles is described below. 


The first stage of construction comprised four Sega 
gasification units, each with a capacity of 5 x_10” ft 
per day of gas of calorific value 500 B.t. u./ft?.There 
are three waste heat boiler units, a complete wet 
purification system, a relief holder, and a dry puri- 
fication system. 


The gasification units 


Each of the gasification units consists of a three- 
vessei plant comprising a steam superheater, a re- 
actor vessel, and an air pre-heater. In the gas-making 
phase of the cycle, steam is pre-heated by chequer 
brickwork in the lower half of the first vessel and into 
the top of this vessel the feedstock is admitted by in- 
jection. The steam-oil mixture passes into the top of 
the second vessel and down through the catalyst bed 
where decomposition occurs, the oil forming permanent 
hydrocarbon gases and carbon. Part of the carbon 
reacts with the steam to form water gas with an im- 
provement in yield and a lowering in calorific value. 
The rest of the carbon is either left deposited on the 
catalyst in the reactor or is carried forward with the 
tar which is also formed. The mixture of gas and un- 
decomposed steam then passes into the base of the 
third vessel, the air pre-heater, where a further portion 
of the carbon may be deposited on chequer brickwork. 
The reaction gases are partially cooled and finally ad- 
mitted from the top of the air pre-heater into a wash 
box, which may be regarded as forming the first unit of 
the wet purification plant. After a period, during which 
gas is made in this manner, the feedstock is shut off 
although the steam is left on. To ensure the gasifica- 
tion of any oil remaining in the plant the steam supply 
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is augmented during this ‘continuation’ period. Fig. 1 
shows a typical cycle, the portion considered above 
being that which starts at A. At the end of the gas- 
making phase of the cycle the point indicated by B is 
reached, and as can be seen the process steam is 
shut off and the run gas valve, the valve which admits 
the gas made to the purification plant, is also closed. 
The stack is now opened and the primary air is turned 
on, entering the system at the top of the air pre-heater. 
Soon afterwards auxiliary air is admitted to the top of 
the steam superheater. The air, meeting deposited 
carbon within vessels which are at high temperature, 
reacts with the carbon’ to form carbon dioxide, and 
considerable heat is released, both in the air pre- 
heater and the reactor. As this portfon of the cycle 
continues, however, the deposited carbon is gradual- 
ly consumed. Depending upon the chemical characteris- 
tics of the feedstock used, the deposited carbon may 
or may not be sufficient to supply the heat taken out 
of the plant during the gas-making portion of the cycle. 
When insufficient heat is generated to maintain the bed 
temperature it becomes necessary to admit heating fuel 
both to the bottom of the air pre-heater and to the top 
of the superheater. This portion of the cycle, there- 
fore, leads to a reheating and cleaning of the catalyst 
and to a reheating of all three vessels. Considerable 
sensible heat still remains in the waste gases after 
they have passed through the superheater and, there- 
fore, they are than passed to the waste heat boiler 
plant, where further heat is extracted. As Fig. 1 
shows, the remainder of the cycle consists only of 
turning off the heating fuel, the auxiliary air and the 
primary air in turn, and then turning on a steam purge 
to rid the system of excess air. Finally, the steam 
purge valve and the stack valve are both closed and 
the cycle begins all over again. 


What the process operator has to do 


The total time occupied by one cycle is about five 
minutes, so that it is obvious that if no mechanical 
aids were included the operator would be fully occupied 
throughout his shift in turning on valves, and would 
have no time to consider the process efficiency, or 
even the throughput which he was passing tothe plant. 
An obvious requirement for this sort of plant is, there- 
fore, a time cycle controller which will enable all the 
valve movements to be carried out automatically, and 
this forms the first line of instrumentation of the units. 
The controllers make it possible to arrange for each 
of the valves concerned to be changed from the fully 
closed position, or vice versa, at any appropriate 
point in the cycle, but do not adjust the rate of flow 
which passes through these valves. 


The total time occupied by one cycle is about five 
minutes, so that it is obvious that if no mechanical 
aids were included the operator would be fully occupied 
throughout his shift in turning on valves, and would 
have no time to consider the process efficiency, or 
even the throughput which he was passing to the plant. 
An obvious requirement for this sort of plant is, there- 
fore, a time cycle controller which will enable all the 
valve movements to be carried out automatically, and 
this forms the first line of instrumentation of the units. 
The controllers make it possible to arrange for each of 
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the valves concerned to be changed from the fully open 
to the fully closed position, or vice versa, at any 
appropriate point in the cycle, but do not adjust the 
rate of flow which passes through these valves. 


The input to the plant consists of steam, air and 
feedstock, and both the duration and the rate of these 
feeds must be adjustable, for both will affect the 
quantity and the quality of the gaseous product made. 
To control the rates the operator must adjust valves in 
pipelines, and since it would be impossible to control 
satisfactorily the plant by means of site mounted 
valves, all valves have been made operable from a 
central control room. The setting of flow rates, how- 
ever, has certain inherent difficulties. The overall 
cycle tinie is only five minutes, so that the period 
during which any one flow is on will be only about two 
minutes. A process operator can hardly be expected 
to make accurate adjustments to a flow rate during a 
period as short as two minutes, not only because he 
has insufficient time to consider the available informa- 
tion but also because of the poor quality of this in- 
formation. This latter can be attributed to the fact that 
the plant has a large thermal capacity, and therefore 
changes in input take some time before they are re- 
flected as output changes. 


It was therefore decided that only long-term adjust- 
ments would be made and these form the first duty of 
the process operator. Under such conditions means of 
calling attention to abnormal conditions are essential 
and so alarms are provided. Deelitig with the circum- 
stances indicated by these alarms forms the second 
duty of the process operator. 


A third duty might be in the collection of performance 
records. That good process records are available is 
essential if efficient operation is to be attained in the 
future. At Grain, however, the records are made by a 
data-logging system, not yet fully commissioned, since 
those responsible hold that collection of results is by 
no means a primary function of the operators, whose 
real task is to maintain running on an hour-to-hour 
basis. 


Instruments for process control 


Purge steam, process steam and auxiliary air are each 
manually controlled by means of a recording flowmeter 
and a valve operated from the control room. Short-term 
variations in the rate of auxiliary air do not affect gas 
production greatly, so that manual control is satisfac- 
tory. Automatic flow controllers are, however, installed 
for primary air, feedstock and heating fuel, pneumatic 
instruments being used. In addition, instruments are 
provided for indicating process conditions. 


As Fig. 2 shows, pressures and temperatures can be 
measured throughout the plant. Most important are the 
temperature values at various points in the reactor 
vessel and the differential pressure across this vessel. 
In fact, reactor temperatures would be regarded as of 
much greater importance were it not for the excessive 
difficulty of making a representative measurement. 
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Carbon deposition leads to very high local tempera- 
tures, and these may easily conceal the true facts 
about bed temperature. 


In addition, as a check on the gas-making part of the 
cycle instruments record the volume of the gas made, 
its calorific value, and its specific gravity. These 
three give an indication of the way the gas-making 
part of the cycle is behaving, but since that is con- 
trolled by the temperature which the bed attains and 
this, in turn, is controlled by the extent to which car- 
bon is burned off, some check on the efficiency of the 
burning-off phase is needed. Such a check is provided 
by means of a CO> recorder fitted between the super- 
heater and the waste heat boiler and arranged to mea- 
sure CO> concentration, during the air blow period 
only. 


With each of these.four instruments are associated 
application problems arising from particular details of 
the plant installation and the cyclic nature of the 
process. This may be seen more clearly by consider- 
ing the plant layout shown in Fig. 3. The Lymn washer 
may need some explanation: in this unit the gas to be 
cleaned flows counter-current to a water stream. The 
water is sprayed in at the top of the washer and then 
runs down over a series of baffles so that it is brought 
into direct contact with the gas stream. 


The gas is made in Unit No. 1 and joins gas which 
has been made in Unit No. 2 before both enter a com- 
mon purification system. Similar arrangements apply 
to Units 3 and 4, In the purifying system, the detarrer 
is followed by a positive-type Connersville meter 
(see below) which is the basic device for measuring 
gas made for recording at R. For specific gravity and 
calorific value determinations a sample of gas which 
has already been purified is taken off at Q. At the 
waste heat boiler end of the plant CQ> is recorded 
at P. 


Gas made per cycle 


The positive-type Connersville meter employes two 
impellers which are made to rotate by the inlet gas 
pressure. During one complete revolution of either im- 
peller a ‘pocket’ of gas is between impeller and casing 
and this ‘pocket’ of gas is alternatively trapped and 
released. The meter is thus positive, measuring out 
discrete volumes of gas. Since a perfect seal is not 
obtained between the metal surfaces some gas ‘slips’ 
through without being measured, but it is a very 
small amount and can be allowed for in the calibration 
of the meter. 


The Connersville meteris chosen for this application 
for two reasons: 


1. A wide range of flow measurement is required. 

2.The result is required, not as a rate of flow 
measurement, but as a reading which expresses 
the total gas made in each cycle. 


Fig. 3 makes it clear that both the gas made by No.1 
Unit and also the gas made by No. 2 Unit pass through 
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the same Connersville meter. The cycles are normally 
arranged so that only one unit is making gas at any 
one time and by treating correctly the volume figure 
recorded, one can separate the readings for each 
unit. To do this an electrical counter is fitted which 
is actuated by the meter shaft and produces an elec- 
trical impulse every 500 ft3, This means that a train 
of pulses is produced whenever the meter rotates 
and each train must be directed to the appropriate 
recorder. Between each wash box and Lymn washer 
is a cyclically operated ‘run gas valve’ which is 
opened when and only when gas is to be made by its 
own unit. Switches attached to the run gas valves on 
Nos. 1 and 2 Units direct the train of pulses to either 
No. 1 or No. 2 recorder. 


Each impulse represents 500 ft? of gas, and impulses 
are received at No. 1 recorder whenever No. 1 run gas 
valve is open. This might not always coincide with 
No. 1 Unit producing gas but if No. 1 run gas valve is 
open though No. 1 Unit has not yet started to produce 
gas, no error fesults for the Connersville meter is not 
then in operation. The final step in the instrumentation 
is totransformthe pulses into a record of the volume of 
gas made and to arrange for this to appear in a form 
enabling the volume made in any one cycle to be 
read off direct. 

The pulses are collected on a Post Office-type 
uniselector, which is advanced one step by each 
pulse it receives: the final angular rotation is a func- 
tion of the number of pulses received. If the shaft is 
now used to rotate a potentiometer fed from a constant 
current source the magnitude of the voltage output 
from the wiper will be proportional to the number of 
pulses received. This output is fed to an electronic 
potentiometer as a ‘gas made’ figure. 

The uniselector resets whenever both run gas valves 
are closed, a condition which must occur once every 
cycle, since the gas-making part of the cycle is less 
than 50%. 


co. recording 





It is convenient to discuss the C05 recorder next for 
it exemplifies the problems associated with specific 
gravity and calorific value measurement. The re- 
quirement is to mtasure carbon dioxide content in 
the waste gases in the range 0 — 5% C05. This con- 
centration is produced at the end of the blow when 
the bulk of the deposited carbon has been burnt off 
and the temainder is sufficient to give only a low 
value. The condition which is regarded as being the 
most informative to the process staff is that condition 
which arises during the last 15 sec of the blow. 


The first essential is a means of selecting the re- 
quired 15-sec period, and for this purpose the me- 
chanical operator which controls the hydraulic valve 
is used. An additional cam is provided to operate a 
micrgswitch which can be adjusted to meet alterations 
in the cycle. The microswitch in turn energizes an 
electrical circuit which controls, by means of a sole- 
noid valve, the admission of compressed air to a 
“pneumatically operated on-off valve. This pneumatic 
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valve is installed in a sample line from the point , 
(Fig. 3) and communicates with a small (1/5 ft3) 
gas-holder. The cam selects the desired period — the 
last 15 sec of the run — and the remainder of the 
equipment ensures that during this period cleaned 
waste gas passes to the small sample holder. 


Between the sample point P and the holder, filtering 
equipment, suitable condensers and a flow control 
valve are installed. The rate of flow during the 15 
sec sampling time can be adjusted by altering the 
position of the flow control valve but it is unlikely 
that a perfect balance will be obtained. In practice 
the rate selected will be either too low, when the 
holder will ground before the end of a complete cycle, 
or too high, when the holder will be overfilled. An 
additional microswitch which operates when the holder 
reaches its top stop has therefore been installed. Its 
action is to close the solenoid valve which operates 
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the pneumatic valve, and so it must therefore reduce 
the theoretical 15-sec period slightly. This is of no 
consequence and the need to find exactly the correct 
gas rate is eliminated. A rate slightly greater than 
that which the consumption of the C0» recorder 
would dictate is therefore selected and the safety 
trin ensures satisfactory operation. 

The gas-holder is connected to a standard thermal- 
conductivity-type C0) recorder and by this means a 
continuous record of the C0? content of the waste 
gas is obtained. This is not a continuous reading 
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but an average of sample values, the samples them- 
selves being taken for periods of 15 sec at in- 
tervals of about four minutes. 


Calorific value and specific gravity recorder 


For successful operation of any one of the four 
gas making: units, it is desirable that readings of the 
gas quality (specific gravity and calorific value) and 
the rate of gas production are available. The methods 
used for measuring the rate of gas production have 
been described and now I turn to the equally necessary 
but rather more difficult measurement of gas quality. 


A cursory examination of Fig. 3 suggests that the 
simplest procedure would be to sample each gas from 
some position between the wash box and run gas 
valve. Admittedly since gas is being made for only 
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Fig. 2 Instrumentation of the 
gas-making plant at the 


Isle of Grain. 


about one-third of @ach cycle it would be necessary 
to introduce some form of storage device similar to 
the type discussed above under ‘C02 recording’ but 
this would present no new problem and the gas could 
then be analysed by means of conventional instruments 
— for the Grain plant the Sigma calorific value re- 
carder and the Alexander Wright fivcting-bell type 
gravitometer. The objections to this method in practice 
are almost insurmountable, for the gas, before it 
enters the Lymn washer, contains impurities such as 
tar and finely divided carbon, and to extract these im- 
purities from the main gas stream electrostatic pre- 
cipitators have to be used — apparatus which could 
hardly be provided for a sampling stream. 


The alternative is to take the gas sample from a 
position after the purification system, i.e. at Q. The 
system must include.a small gas-holder and this is 
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tilled during the gas-making part of the cycle and 
provides gas to keep calorimeter and gravitometer in 
operation during the blow period. The arrangements 
described for the C02 recorder are duplicated here and 
if the holder is overfilled a microswitch cuts out the 
sample line. On the other hand, should the holder fall 
too low, owing for example to the shutting down of 
one gas-making unit, then to prevent the gravitometer 
and calorimeter from going out (for these instruments 
burn a low gas rate continuously), a supply of town 
gas is introduced until the holder position recovers. 
Difficulties in measuring calorific value 

and specific gravity 


Certain other refinements are necessary for th’s 
measurement as compared with the CQ) measurements, 
and the first arises because during one cycle both the 
gas production rate and the calorific value vary con- 
siderably. It was thought therefore inadequate simply 
to take a sample at constant rate throughout the make 
period, and so a small diaphragm pump is driven from 
the shaft of the Connersville meter. This pumps gas 
from the sample point Q to the sample holder, so that 
the rate delivered is proportional to the rate at which 
gas is being made. The gas mixture finally obtained 
in the holder should therefore be a truly proportional 
sample. Another difficulty to be overcome is that of 
discriminating between the gas made by No. 1 Unit 
and that made by No. 2 Unit, for the gas delivered 
from the sample point Q may have been made in either 
of these units. Discrimination at the measurement 
end is made possible by connecting, to the outlet of 
the diaphragm pump, two sample lines each of which 
leads to a different sample holder. Between the pump 
and each sample holder is a pneumatically operated 
on-off valve analogous so that used in the C0) system, 
so that the problem remaining is to open the correct 
sampling valve at the correct time. 


The time at which No..1 sampling valve must be 
opened depends upon the capacity in the main between 
the run gas valve and the point Q, for when run gas 
valve No. 2 opens, gas from No. 2 Unit enters the 
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Lymn washer and proceeds to displace the gas already 
in the length of main between Lymn washer and Q. 
This gas, however, was made by No. 1 Unit and not 
until it has all been displaced should No. 2 sampling 
valve open. Although this may be expressed as a finite 
time, its true basis is the volume between the run gas 
valve and Q, which will of course be constant with 
alterations in cycle or rate of production. To delay the 
opening of sampling valve No. # until No. 2 Unit has 
made a volume of gas equal to this capacity is there- 
fore much the best way of dealing with the matter, and, 
in fact, the necessary equipment is almost identical 
with that used for measuring the gas made per cycle. 
When the run gas valve on No. 2 Unit opens, the 
Connersville meter proceeds to measure the gas being 
made and transmits one pulse every 500 ft¥ as it does 
so. We must therefore open No. 2 sampling valve only 
whenthe pulses indicate that a volume of gas has been 
produced, equal to the capacity of the appropriate sec- 
tion of the purification system. The pulses are generated 
from the meter shaft and collected on a uniselector. 
When the uniselector reaches a predetermined step, the 
valve must be actuated. By this means, making use of 
a ‘splitter’ to direct the pulse train to one or other of 
two uniselectors, we can ensure that one or other of 
our sampling valves is always open. 


The operator sits at a control desk (Fig. 4) and the 
readings which are regarded as of primary importance 


for process control are all brought to this desk. These 
readings are: 


(a) Temperatures in the units 

(b) Calorific value of the gas made 

(c) Differential pressure across the catalyst vessel 
(d) Volume of the gas made 

(e) C0, content of the waste gases 


The indicating instruments installed give information 
continuously but this is likely to be of most value 
when abnormal readings are shown. An effort has there- 
fore been made to arrange for abnormal conditions to 
be clearly indicated. Seven pressure indicators are in- 


69 




































































Fig. 4 Part of the control room showing the main in- 
strument panels with the control desk and data- 


logger in the foreground. 


stalled on each gas-making unit and the instruments 
are arranged, on the panel, in a row, their order being 
that of the pressure points in the plant. Each pointer 
moves vertically so the overall impression is of a 
straight diagonal line across the bank of gauges. Any 
abnormal value is immediately obvious as a displace- 
ment from the expected pattern. 


All the indicating instruments show abnormal con- 
ditions but certain functions have been selected as 
meriting alarms. The most important of these concerns 
the time cycle controller, whose successful operation 
ensures that gas and air are never present together 
in the same part of the plant. Any failure could lead 
to the presence of explosive mixtures in vessels at 
high temperatures, and to safeguard the plant from 
such happenings an elaborate interlocking system is 
provided. This ensures that if, for example, the air 
valve should try to open while the feedstock is still 
being admitted, then an alarm system is actuated and 
the plant goes to a safe condition. Further alarms are 
installed in connexion with the electrostatic pre- 
cipitators, which form part of the wet purification 
plant, and with the wash box, which is shown at the 
right of Fig. 2. If the water supply to this wash box 
failed, air might be drawn into the gas stream, and 
accordingly, arrangements have been made to actuate 
an alarm should water failure occur. The detarrer 
alarm, on the other hand, is intended to give warning 
of an electrical failure only. 


Each alarm condition operates the same audible 
signal but for each condition there is a distinct 
visual indicator in addition. The audible warning is 
cancelled by a pushbutton switch which automatically 
resets the system but the warning light can be ex- 
tinguished only by correcting the fault. 
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Instrumehts for recording plant performance 


The flows of steam, air, and feedstock to the in- 
dividual units are measured by conventional record inz- 
type flowmeters. To obtain the total quantities of these 
fluids consumed during the day it would be necessary 
to integrate the charts for the individual units and the 
on-off nature of the record makes this a difficult task, 
An attempt is being made to employ a data-logger to 
simplify it and this will first integrate the values 
automatically and then type out the results at hourly 
intervals. The subsequent addition of hourly totals to 
give the daily total can be carried out by the operator 
without burdening him unduly. To do this automatically 
would necessitate the provision of an electronic 
memory unit in the logger, and this is not justified in 
view of the speed and simplicity with which the operator 
can carry out the additions with the aid of an office 
desk-type calculator. 


Both the volume of gas made by each unit, and the 
total volume of purified gas made, are measured, the 
first so that performances of the several units can be 
compared and the second so that the overall efficiency 
of the works can be computed. The second duty re- 
quired a more accurate result than the first and there- 
fore it is necessary to correct for variations in at- 
mospheric temperature and barometric pressure. An in- 
strument is used which gives this correction factor 
(tabular number) direct and the value will be averaged 
each hour in the data-logger. The machine multiplies 
the total volume of gas made each hour by the average 
correction factor for the hour so that a corrected volume 
is obtained and typed out. Finally this corrected volume 
is multiplied by the average calorific value for the unit 
(obtained by integrating the calorific value and dividing 
by the total time) so that the hourly make in therms is 
available. The machine also multiplies the volume 
made each hour per unit by the average calorific value 
for the appropriate unit. 

The amount of clerical work saved by the data-logger 
will, it is hoped, be considerable, and in addition 
there should be the advantage that comparative per- 
formance figures are available every hour. 


The SAGAS plant and associated instruments and 
controls, apart from the data-logging equipment, have 
now beenin operation for some months, and have given 
very satisfactory results. 


The contractors forthe whole instrumentation scheme 
including all the installation work were Elliott Brothers 
(London) Ltd. 
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Human and automatic control are compared 
and a Cybernetics Unit employed to 
simplify the human controller’s job. 


The Saunders-Roe SR 53 


The human operator 
-easing his task 


Hiuman beings are often called upon to carry out 
dynamic control similar to that performed by auto- 
matic control devices such as autopilots or even 
simple servomechanisms. In this particular kind of 
activity they display unique abilities. At Saunders- 
Roe a simple flight simulator has_ proved a useful 
adjunct to the electronic analogue computer in the 
study of aircraft stability and control. Such a com- 
puter may be used in the resolution of some of the 
design problems associated with aircraft contro! 
simplification. 


Ease of control and performance 


A simulator in a design organization should not be 
considered merely as a machine for training operators 
to control a particular system. Although it can reduce 
the need for expensive training it has an equally im- 
portant function as a means of introducing the ‘human 
element’ into a control loop. A sirulator will soon 
show that there is a significant difference between 
the human element and its automatic counterpart. 
Ease of control stands out as a significant parameter 
where the human being is concerned although it is 
not easy to measure quantitatively and has no obvious 
parallel in automatic systems. 


An automatic-control device is usually considered to 
be satisfactory if the measured performance of the 
system in which it is included is within acceptable 
limits. Provided that the automatic control works 
within its capacity it is of no real consequence if it 
works hard and in a poor environment. If the technical 
performance of the system is adequate for the purpose 
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any improvements to it are of doubtful value and are 
likely to add to the complexity and cost. Safety with 
the control operating can be proved by investigating 
appropriate failure cases. It is not unusual for auto- 
matic elements to be removed and manual control 
reintroduced if safety requirements demand additional 
complication and expense. 


The precise measurement of performance, the usual 
yardstick for satisfactory control, is more difficult 
with a manned system. Measured performance shows 
pronounced scatter. In experimental work on a system 
designed for use by a competent but not necessarily 
skilled operator, the ability of the human to learn 
rapidly is often an embarrassment. It may detract 
from the reliability of experiments to determine safety 
Since prolonged tests to obtain sufficient data for 
statistical assessment can be compromised by the 
development of exceptional skill. Tiredness or bore- 
dom, giving rise to lack of concentration, can also 
produce misleading results. 


For human beings ease of control is a different 
entity from performance, although for automatic con- 
trol devices ease of control and performance may be 
synonomous. Ease of control is hardly capable of 
direct quantitative measurement and few attributes of 
engineers can be said to exist which cannot be 
measured. The idea of going beyond the point where 
the performance is satisfactory, in order to make con- 
trol easier, can result in a recognizable improvement 
in the final engineering product, although its per- 












courtesy Air Trainers Link 


Fig. 1. Pilot's cockpit and instructor’s station of 
training simulator for Vulcan aircraft. Compare with 
Cybernetics Unit of Fig. 2. 


formance may only be bettered insignificantly. 


A designer’s flight simulator 

Simulators primarily intended for training purposes 
have an accepted role in commercial airlines and air 
forces, and remarkable realism can be achieved if 
expense is not spared. However, high cost can hardly 
be justified where the sole purpose is to aid the 
designer by introducing the human element into his 
system. It can also be argued that ‘complete’ sim- 
ulation is not necessarily technically desirable as 
some absence of realism rarely detracts from the re- 
liability of design conclusions and the simpler ex- 
periment is often more pertinent and successful. 


The Saunders-Roe simulator is a simple one of its 
kind and to distinguish it from the usual trainer it has 
been called a Cybernetics Unit. The cockpit (Fig. 2) 
is designed more for the convenience of the tech- 
nicians operating the equipment rather than in close 
imitation of a normal cockpit. The pilot ‘flies’ with 
the aid of either the simple instrument display shown 
in Fic. 3, which consists of an artificial horizon, 
azimuth meter and airspeed indicator, or a simulated 


Fig. 2 The Saunders-Roe Cybernetics Unit is a 


designer's flight simulator 


cathode ray tube picture of a target aircraft and 
graticule. The display can, of course, be changed to 
any desired form for particular work and we have found 
the cathode ray tube a versatile piece of equipment in 
this respect; indeed, the bar of the artificial horizon 
in Fig. 3 is conveniently provided by it. 


Voltages in an associated general purpose analogue 
computer representing aircraft movement are fed into 
the display, while the pilot’s hand and foot controls 
feed voltages proportional to their deflexion into the 
analogue computer to ‘move’ the aircraft system set 
up on the computer and so close the loop. 


The hand and foot controls are mechanically con- 
nected to a variable ‘feel’ unit. Spring rates, break-out 
forces, friction and blacklash can he altered over a 
wide range to embrace many types of aircraft. Changes 
need to be made quickly because human beings operate 
consistently for short periods only and immediate com- 
parisons are necessary for good results. To this end 
press-button control of spring rates is employed. The 
dynamic handling characteristics of particular aircraft 
can often be improved significantly by alterations in 
force and displacement relationships which are small 
in comparison with the differences between aircraft 
due, to their overall mechanical design. 


At Saunders-Roe, the Cybernetics Unit has been 
valuable in proving designs prior to flight, even when 
this in itself has not led to positive improvement of 
the control system. The need to control a number of 
degrees of freedom together, and to make the controls 
effective over a range of flight speeds involving 
radical changes in the system characteristics, com- 
plicates the aircraft control problem and the ability 
to stimulate flight is in itself technically significant. 


Means of improving ease of control are developed by 
theoretical argument and by tests of simplified con- 
trol functions. The proposed changes are then in- 
corporated in the complete system for evaluation. 


The human in the context of servo theory 


Servo theory is useful as a guide to methods of im- 
proving systems for human control, and for explaining 
oscillatory motions induced by the operator which are 
not present in the uncontrolled state. It is also 
valuable in the investigation of modified instrument 
displays as an alternative to the use of automatic 
devices which may involve delay, expense, and, on 
occasion, undesirable .time lags. The roll control of 
an aeroplane with small wings and poor natural 
damping is an interesting example. 


The roll equations of motion are of the forim:- 
inertia x acceleration in roll 
+ natural roll damping x rate of roll = 


— control power x control deflexion 
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Ag+ Lh g=—Lyd 


In flying, a pilot is continually trying to achieve a 
particular angle of bank, either zero in level flight or 
an angle suitable for turning at some desired rate. 






Simulation and flight tests confirm that he moves 
his control very nearly in phase with the bank 
angle d 


Neglecting lag in his response, 


S=k¢ 





where k tends to vary a little from pilot to pilot and 
with the same pilot from time to time. 


Substituting in the roll equation, 





Ag+ Lid + kLgg = 0 


or (Ap? + “J + kLs)¢ = O 


If the natural damping L. is small, a poorly damped 
oscillation can result which may hinder rapid achieve- 
ment of a desired roll angle and also lead to an 
annoying hunting motion of small amplitude. The 
frequency is, of course, dependent on the product kL. 






Without experimental work the human factors entering 
into the numerical value of k would be hardtoassess 
and calculations neglecting the influence of the pilot 
would not have revealed such an oscillation at all. 





A test on a particular aircraft showed a definite 
frequency increase as the simulated control power 
Ls was raised. Unfortunately it is generally im- 
possible to decrease Ls below a certain level for, 
although it makes the damping better, this is obtained 
at the expense of such a low natural response fre- 
quency that the consequent sluggishness in achieving 
a new bank angle is not acceptable. Clearly, to im- 
prove matters the natural damping must be increased 
by introducing an extra control movement propor- 
tional to ¢. 











Then 






Ag + (Ly + D)¢ + kLeg =O 
where D 3 has been added. 





This can be done by purely automatic means using 
an auto-stabilizer which, in essence, is directly 
analogous to a servo type automatic speed control 
such as might be used on an electric motor. 







A less expensive alternative, if the pilot is using 
an instrument display, is to cheat him by displaying 
hot the true bank angle, but 







¢ apparent =dd+d 
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Fig. 3. Simple instrument display of the Cybernetics 


Unit: artificial horizon, azimuth meter and 
airspeed indicator. This may be replaced by 
a simulated c.r.t. display of a target air 
craft and graticule 


His attempt to move his control in the same relation 
to the display as before will yield the damping term; 
the equation then becomes, 


Ag + (Ly + kdls)¢ + klgg =0 


This kind of display modification has proved effec- 
tive on helicopters and aircraft, and in such problems 
as the speed adjustment of electric motors. 


Man can carry out such additions himself with 
reasonable facility. For instance, one of the advan- 
tages of looking well ahead when driving a car is 
that appropriate rate terms can be added in so that 
oscillation relative to the curb does not develop. It 
follows that, a mascot on the nose of a vehicle will 
prove as effective as a complicated automatic control 
system. 


This type of study is applicable not only to simple 
systems but also when, as is usually the case, the 
control equation of motion contains more terms. 
Suitable block diagrams and equations of this nature 
then have increased value and their importance in 
ensuring safety and ease of control can become 
appreciable. 


Multi-degree of freedom systems 


Unlike his automatic counterpart, a human being 
controlling a vehicle is often asked to control a 
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number of degrees of freedom at one and the same 
time; this leads to an intriguing conflict of require- 
ments. 


On the one hand it is desirable to have one control 
device per degree of freedom, e.g. for an aeroplane 
there are six: pitch, roll, yaw, forward speed, sideways 
velocity and heave velocity. Lack of any of these can 
cause difficulty in some conditions of operation. On a 
car, for example, direct control of sideways displace- 
ment, as distinct from yaw, is often felt to be missing 
when parking. 


On the other hand, continuous control of more than 
two independent motions represents the limit of easy 
control even for a competent operator. Fortuitously, 
due to cross-couplings between freedoms one motion 
may embrace more than one basic freedom. A typical 
example is the effective ‘one-ness’ of sideways 
motion and yaw in a car when moving at a reasonable 
speed. The significance of the number of motions 
appears to lie in the tendency of a human to control 
separate motions successively for periods of a few 
seconds, rather than simultaneously, and it is con- 
jectured that holding information about more than one 
temporarily abandoned control leads to confusion. 


These contradictory requirements can lead to con- 
siderable differences in the assessment of a system 
by various operators. A highly skilled operator will 
be dissatisfied if the absence of certain controls 
reduces his performance, or makes it impossible for 
him to accomplish particular manoeuvres. llowever, 
the absence of some controls will make the system 
easier to manage in the hands of a competent operator 
and, provided the system is capable of meeting its 
performance specification in this condition, the extra 
control facilities will be unnecessary. Furthermore, 
the improved ease of control may well improve the 
safety of the system in the hands of a skilled but 
fatigued operator. 


The multi-degree of freedom control system can be 
greatly improved if each independent part is easy to 
control in its own right. As excessive motions must 
not occur while the controller is correcting another 
motion, greater inherent stability is desirable than in 
a single-degree of freedom system and freedom from 
drift is essential. 


In tests on our simulator we have been able to make 
appreciable improvements, later confirmed in flight, by 
considering the break-out loads necessary to prevent 
hand controls sticking at random positions near zero, 
due to friction, and so promoting drift during these 
passive phases. Indeed, much can be done by careful 
study of control force and displacement relationships 
and even physical tiring is worthy of consideration if 
control has to be applied for any length of time. 


Automatic systems and safety 


The compromise between safety and complexity 
offers interesting future possibilities. Essentially, 
complexity may be taken as engineering complexity 
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aimed at simplicity of control. The aircraft autopilot, 
or its counterpart, is undoubtedly the easiest possible 
control since, taken to the extreme, it can be made so 
that the human pilot acts as a monitor only and does 
not have to apply continuous control. 


Expense and a lack of freedom to perform a variety of 
manoeuvres are limiting factors but long before this 
stage is reached ths dangerous conditions pursuant on 
failures within the system may necessitate réduction 
in complexity at the expense of ease of control. The 
safety problem has undoubtedly slowed the advance of 
aircraft autopilots. However, technical development 
has enabled potentially dangerous circuit and system 
components to be replaced by others which are more 
reliable. 


Once reliability is such that full authority control 
systems (i.e. those of sufficient power to set up a 
dangerous condition in an aircraft if the automatic 
control functions incorrectly) become accepted, and 
the ‘pilot error plus autopilot failure’ crash rates 
start to reduce, a big change will inevitably come 
about in the control concept of all types of vehicle, 
Natural reluctance and a tendency to regard ‘automatic 
control failure’ as being under a different heading from 
‘human error’ in accident statistics may delay an 
evolution which is certainly in sight and which, it can 
be argued, could occur now. 


The use of non-linearities 


A further line of development, made possible largely 
by electronic computation and simulation, is a break- 
away from the linear control systems which have for so 
long held sway. For instance, during a design study on 
a hypothetical aeroplane there was an apparent need 
for damping the roll motion to prevent over-shooting a 
desired bank angle. Unfortunately, the required degree 
of damping resulted in an extremely sluggish response. 
Using a nonlinear device, the degree of damping was 
made to fall with control displacement and the resulting 
system, once a consistent non-linear hand control 
deflection law had been established, was remarkably 
effective. Bank could be changed rapidly, but centrali- 
zing the control, once the required angle was reached, 
stopped the motion immediately. The system, which we 
styled the ‘lock on roll’, might with development have 
replaced a rather elaborate autopilot system had the 
need arisen. 


The designer’s simulator has already established a 
place for itself as the only means of checking that a 
system will be controllable. It can be argued that 
investigation of ‘ease of control’ as a definite design 
parameter is a logical development. 


“BOILER CONTROL AT WILLINGTON ‘A’® 


Onp.100 of the May issue the staff shown in the photo- 
graph of the control room were named incorrectly; they 
are known as the ‘plant control engineer’ and the ‘unit 
operators’. 

It is the intention to commission Willington ‘B’ Power 
Station in 1961 rather than 1962 as indicated at the 
top of p.102 in the same article. 
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As indicated in the introductory article to this series 
(March), there are a number of possible ways of guiding 
an intermediate range anti-aircraft missile. Active and 
semi-active radar homing systems, infra-red homing, 
command guidance and beam-riding have all been sub- 
jected to long and costly study, and most have been 
fully developed and tested under service conditions. 
The diversity of these methods is a clear indication 
that none is overwhelmingly preferable, all have ad- 
vantages for certain applications, and the choice of 
the system of guidance for any particular missile can 
be made only after careful assessment. 













We intend in this article to describe the basic prin- 
ciples of radar beam-riding, to discuss its possibili- 
ties and limitations, to list some of the problems 
which arise from this method of guidance, and to in- 
dicate the techniques by which these problems may 
be solved. Finally we shall describe some of the 
missile systems in which beam-riding has been used, 
and discuss the tactical reasons for the adoption of 
beam-riding in these. 













The shape of missiles 

As may be seen from published photographs, guided 
anti-aircraft missiles, regardless of source, are re- 
markably similar in appearance. A long slender body 
carries the missile sustainer motor, internal power 
supplies, guidance and control equipment and, in an 
operational missile, the fuse and warhead. The war- 
head is replaced by a telemetry head when the missile 
is to be used for research and development purposes. 
Small wings are usually attached roughly halfway 
along the missile’s length and smaller stabilizing fins 
are provided either at the.nose or tail. Either wings 
or fins are capable of rotation and are used to steer 
the missile in flight. Many missiles are of cruciform 
configuration and can therefore manoeuvre directly in 
pitch and yaw, unlike an aircraft which has to bank 
before it can turn in the horizontal plane. After laun- 
ching the missile is usually accelerated to high speed 
by means of auxiliary boost motors which are either 
attached to the rear of the missile (tandem boosts) 
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CONTROLLING GUIDED MISSILES — 4 
An engineer and his wife collaborate 


in Seaslug, Fireflash and other weapons 


Radar beam-riding 


to explain the guidance system used 


by H.R. and M. A. JOINER 

Sir W. G. Armstrong Whitworth Aircraft 
or form a cluster round the body of the missile (wrap- 
round boosts). This is done to shorten the missile’s 


time of flight, and to avoid the difficulties involved 
in controlling a missile travelling at low forward speed. 


Primary and secandary bean-riding 


In a radar beam-riding system the missile is launched 


into a narrow pencil of radio waves and flies along the 


centre of this beam towards the target. A radar re- 
ceiver in the missile measures its distance from the 
beam centre. This information is fed to a guidance 
computer which calculates the acceleration required 
to return the missile to the centre of the beam. An 
autopilot within the missile moves the control sur- 
faces (which may be either wings or fins) so as to 
stabilize the missile and cause it to respond to the 
acceleration demand signals produced by the guidance 
computer. A block diagram (Fig. 1) indicates the 
general nature of this guidance loop. 

There are two alternative forms of beam riding: 
primary beam-riding, in which a single beam is used 
both to track the target and to guide the missile; and 
secondary beam-riding, in which two separate radar 
sets are used for these purposes. Primary beam-riding 
has the advantage of minimizing the amount of radar 
equipment which must be produced and maintained. A 
radar transmitter and aerial capable of providing the 
Stringent accuracy required for guidance purposes 
must necessarily be large and expensive, and the pro- 
vision of a second equipment of this kind is to be 
avoided wherever possible. This is particularly true 
when the missile is to be launched from a ship, tank, 
or aeroplane. Primary beam-riding also requires the 
missile to fly at all times along the straicht line 
joining the radar set and the target. This severely 
limits the maximum range of the missile, since a 
straight-line trajectory is far less efficient than, say, 
one in which the missile initially climbs to a con- 
siderable altitude and then dives down onto the target. 
Such a trajectory would of course be possible only in 
secondary beam riding. Primary beam-riding is never- 
theless the simpler and more straightforward system 
and will form the major subject of this article. 

































































































































































































































































































































The radar beam 


As already stated, the basic idea of beam-riding is 
to provide a ‘radar path’ from launcher to target, and 
make the missile fly along it. The radar beam can be 
thought of as a narrow cone of radio waves, whose 
axis is the desired path (see Fig. 2a). Fig. 2b shows 
a section through this cone at right angles to its axis. 
In order to specify the position of the missile in the 
beam, one must know the magnitude of the distance 
vector between the missile and the beam axis (r) and 
the angle ¢ which this vector makes with a given 
direction, known as the ‘radar reference direction’. 

An important property of the beam-riding system of 
guidance is that its kinematic equations can be made 
approximately linear — which is not so with most 
homing systems. The detailed equations of motion 
may of course contain non-linearities due to pro- 
perties of the control and guidance equipment, and of 
the missile aerodynamics and structure. 

Cenical scanning 


The beam contour of Fig. 3a is a field strength dia- 
gram plotted in polar coordinates. A line drawn from 
the transmitter to any point on this contour indicates 
the field strength in that angular direction relative to 
the field strength onthe axis. Consider the beam shown 
in Fig. 3a with a missile moving across its axis. It 
can be seen that the strength of the signal received 
by this missile will not vary greatly as it passes 
through the centre of the beam. This means that the 
instant at which the missile is on the beam axis is 
not clearly defined, and hence the accuracy with 
which it can locate its position is low. The beam in 
Fig. 3a (now to be called the primary beam) is there- 
fore rotated at the so-called scan frequency so that 
its axis describes a narrow cone about a line called 
the axis of scan. If instants are considered when the 
beam is at diametrically opposite points in its cycle 
of rotation, we get the diagram shown in Fig. 3b with 
a conically scanning beam. One can easily see that, 
as the missile crosses the axis of conical scan, its 
receiver will record a large change in received signal 
Fig. 1 Beameriding: Block schematic of the guidance loop 
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Strength since it is now working on the side of the 
primary beam, where the field strength is varying 
rapidly with angle. The missile will thus be very 
sensitive to misaligninent from the scan axis. 

If the portion of the polar diagram which lics inside 
the scanning circle is considered, it can be seen that, 
for small angular displacements, a linear relationship 
exists between signal strength and angular displace. 
ment (see Fig. 4). 

Fig. Sa shows the circle described by the axis of 
the primary beam with A as the axis of conice! scan 
If the missile is at point A, reference to Fig. 3b shows 
that it will receive a steady signal, as indicated in 
Fig. 5b. If the missile is off the axis of scan, say at 
point B, it will receive its maximum signal when the 
primary beam axis passes nearest to it, which will 
occur when the beam axis is at 90° to the reference 
direction. When the beam axis has rotated through a 
further 180° it will be at its furthest distance from 
the missile, and the received signal will drop to a 
minimum. The output of the guidance receiver will 
thus take the form of a sinusoidal signal at the scan 
frequency, whose amplitude is a direct measure of 
the angular displacement @ of the missile from the 
beam centre. To obtain the angle ¢ between the 
reference direction and the missile displacement 
vector a second signal, known as the reference Sig- 
nal, is required. This is arranged to have a fre- 
quency identical to the scanning frequency, and is 
phase locked to the rotation of the beam. The missile 
obtains its value of ¢ by a measurement of the phase 
difference between the amplitude-modulated displace- 
ment signal and the reference signal. The latter is 
obtained either from a suitably stabilized oscillator 
carried in the missile and phase locked before launch 
to the scan generator, or is transmitted to the missile 
from the ground by means of some subsiduary modula- 
tion of the basic radar beam. 


Requirements for lateral acceleration 

In order to make the guidance systefn behave as a 
linear servomechanism the missile must develop a 
lateral acceleration which is in the right direction, 
and is proportional not to the angular misalignment 
§@ but to the linear displacement r. The signal re- 
ceived by the missile will contain information about 
6 and ¢ (see Fig. 2a), and to calculate r, one must 
therefore have some device which will give the range 
R of the missile from the launcher. Once this has been 
obtained the linear displacement may be derived from 
r =R sin @, which, since @ is very small, may be 
approximated by r = R @, Fortunately the guidance 
loop in common with other servomechanisms, is 
reasonably tolerant of variations in loop gain, so 
that R does not have to be determined with any ac- 
curacy. This means that nothing more complex is 
required than a simple device which introduces range 
as a preprogrammed function of time. 
The problem of phasing error 

The problem of phasing error is associated with 
the interpretation by the missile of its measured 
phase angle ¢ from the radar reference direction. If 
this interpretation is made correctly the missile will 
be made to accelerate in a direction ¢ + 180°, and 
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Fig 4 Signal strength and angular displacement in a coni- 
cally scanned beam 


will return to the centre of the beam by the type of 
path indicated in Fig. 6a. If however from some cause 
the angle is mismeasured by an amount ¢, the missile 
will be deflected from its correct direction by a similar 
angle and will follow a spiral path to its destination 
(Fig. 6b). Phasing error thus reduces the maximum 
range of the missile by causing unnecessary man- 
oeuvres, increases the average distance of the missile 
from the centre of the beam, and if sufficiently serious 
can cause the missile to be directed away from the 
beam, thus causing total loss of guidance. 

If the missile is to be manoeuvred correctly it must 
be provided with a ‘sense of direction’. Suppose for 
example the guidance receiver indicates that the 
missile is vertically above the centre of the beam; 
then the missile must be able to direct its acceleration 
downwards, correct to a few degrees, if it is to re- 
move this misalignment with a minimum of manoeuvre. 
Most missiles are likely to experience accelerations 
many times that due to gravity, and thus cannot use 
the earth’s gravitational field as a reliable source of 
direction. For this reason a mechanical indicator, 
such as a gyroscope, must be provided instead. The 
radar and gyroscope references must be accurately 
aligned before launch, and subsequently the drift rate 
of the gyroscope must be kept sufficiently low for 
these directions to remain substantially the same. 
Even then phasing error can still occur if the planes 
of rotation of the two reference directions become 
inclined to one another during flight. It is not usually 
possible to detect and remove phasing error after the 
missile has been fired. There are some dozen distinct 
causes of phasing error, although a number are only 
of minor importance. The guidance system must be 
so designed as to minimize as many as possible of 
the more serious causes. 

Noise and beam jitter 


The main limitation to the performance of a beam- 
riding system is that due to unwanted noise, which is 
generated within the system and becomes confused 
with genuine control signals. One of the major sources 
of noise appears as a random motion of the guidance 
beam usually described as beam jitter. Its chief im- 
portance follows from the fact that since it is es- 
Sentially an angular motion of the beam its effects on 
the missile increase in proportion to the missile range 
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from the launcher. Thus when the missile is furthest 
from the launcher and presumably nearest to its 
target, its course is most disturbed by jitter. Beam 
jitter can arise-from noise originating in the actual 
radar equipment, such as servo stiction, vibrations in 
the radar mounting, or noise generated by its electronic 
components. It is also caused by fluctuations and 
fading in the signal reflected from the target. 

Of the sources of noise associated directly with the 
missile the most important is that known as flame 
attenuation. The missile emits a cloud of hot gas 
which will contain a large number of ionized part- 
icles: by the very nature of the beam-riding trajectory 
this cloud tends to obscure the missile’s view of the 
transmitter, and will scatter and reflect the radar beam, 
thus introducing an unwanted signal into the guidance 
system. 

The transmitting and receiving equipment must be 
most carefully designed to keep both beam jitter and 
missile generated noise to an absolute minimum. The 
width of the guidance beam itself puts an overall limit 
to the amount of jitter which can be tolerated. Sup- 
pose for example that the beam is only 3° wide and 
the missile is flying along its centre. If any rapid 
beam movement exceeds 14° the missile will be lost 
from the beam and for reasons of safety must be de- 
stroyed. A far more stringent limitation to the ac- 
ceptable jitter amplitude results from the fact that the 
useful range of the missile falls rapidly when jitter 
forces it to make large unnecessary manoeuvres. In 
addition the distance by which the missile is likely 
to miss the target also increases with jitter amplitude. 
Filters can be provided in both radar set and missile 
to remove the higher frequency components of jitter, 
but a certain fraction of the original jitter energy will 
inevitably lie within the same frequency band as the 
target manoeuvre, and this cannot be removed by 
filtering. Since beam-riding is a basically linear 
method of guidance, the powerful optimization tech- 
niques due to Wiener (8) can be used in the design of 
the radar and of the missile guidance computer, to 
reduce the response to jitter and noise to a level 
close to the theoretical minimum. 


The launching and gathering problem 

A number of interesting beam-riding problems are 
associated with launehing and the early stages of 
flight. The following outline of this stage of flight is 
based on the Oerlikon and Fireflash systems. It does 
not agree with either in every respect, but is typical 
of many beam-riding systems. 

An early warning system is required to detect the 
presence of a possible target and to make some rough 
estimate of its range. A second radar is then required 
to locate the target accurately, to discriminate be- 
tween a number of aircraft in formation, and to identify 
them as friend or enemy. If more than one missile in- 
stallation is available this ‘target locating’ radar will 
be used to direct each installation to the engagement 
of a particular target. The range and angular position 
of the target will be supplied to the tracking radar 
set, which then scans a limited area of the sky until 
its target is located. It will next lock onto the target 
and follow it automatically. Meanwhile missiles will 





77 























































































































































































































































































































































































































direction 














Fig, 5 How @ sinusoidal signal is produced by conical 
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Fig. 6 The consequence of phasing error projection or 
missile trasectory on radial cross-section of beam 


a No phasing error  b With phasing error 


have been loaded onto their launchers and energized 
from external power supplies. Inthis way the electronic 
components of the missile can- be warmed up while 
reserving missile-borne supplies for use during actual 
flisht. The launcher must be power driven and servo 
controlled to follow the movements of the tracking 
beam so as to launch the missile inthe right direction. 
The target course and speed are measured, and the 
missile is fired as soon as the computer at the 
launcher estimates the target to be within range. The 
missile accelerates rapidly for the first few seconds 
of flight, powered by boost motors (usually containing 
solid propellant) which soon burn out, separate from 
the missile and are jettisoned (see Fig. 7). The mis- 
sile is then roll stabilized so that its control fins 
make a predetermined angle with the roll gyroscope 
reference direction already referred to. By now the 
missile will be heading several degrees away from the 
axis of the guidance beam and must be collected back 
into it. This is done by means of a subsidiary guidance 
arrangement known as the gathering system. Once the 
missile is onthe axis of the gathering beam the control 
equipment switches over from the gathering to the 
guidance regime, and continues along the guidance 
beam to intercept the target. 
Minimizing dispersion 

Arrancing for the missile to be gathered without 
large manoeuvres (which are capable of seriously re- 
ducing the missile range) is one of the most difficult 
problems of beam-riding. Care must first be taken to 
see that the deviation of the missile from the beam at 
the end of uncontrolled flight (usually known as 
dispersion) is kept to a minimum. Dispersion is re- 
duced if a computer is used to direct the launcher so 
as to anticipate the position of the beam at separation, 
and to correct for known factors likely to disturb the 
linear flight of the missile, such as gravity and wind. 
Most missiles are not controlled during the boost 
phase. This is because control surfaces designed to 
operate at supersonic speeds are ineffective when 
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the missile is moving more slowly, and are moreover 
usually obstructed by the boosts or their efflux, 
(Oerlikon is an exception; it is unboosted and can 
be steered at low speeds by deflecting the jet of its 
maim motor.) When boost phase control is not possible 
the missile is spun by offsetting the nozzles from 
which the boost gases are expelled, so as to provide 
a rotating torque. This rotation minimizes the effects 
of unequal boost thrust and structural misalignments 
which otherwise would tend to make the missile veer 
away from its intended course. 

In spite of these precautions the missile is stil] 
likely to end its boost phase some distance away 
from the beam axis. To gather the missile, a second 
radar beam is provided which is considerably wider 
than the guiding beam, but is conically scanned in 
exactly the same way. The missile must have same 
way of distinguishing between the two beams; in the 
Oerlikon system, for example, they are radiated on 
two different frequencies. Typical figures for the 
angular widths of the gathering and guiding beams 
are 20° and 3° respectively. Consider a missile with 
the same angular misalignment, say 1° from the axis 
of both beams. Assuming that the general radiation 
pattern for both aerials is similar, the signal modu- 
lation received by the missile from the gathering beam 
will be approximately 3/20 of that which would be re- 
ceived from the guiding beam under the same con- 
ditions. To compensate for this the gain of the mis- 
Sile’s guidance computer must be increased during 
gathering. The missile must be made to ignore the 
guiding beam until gathering has been completed, 
when it must switch over its reception from the 
gathering to the guiding beam, and at the same time 
suitably reduce the gain of its guidance computer. The 
performance of the missile during gathering is likely 
to be inferior to that obtainable in the guidance phase, 
and the regime change should therefore be made to 
take place as soon as possible. For simplicity a time 


switch is often used to effect this change. 
Designers of beam-riding systems claim a number of 


advantages for this type of guidance. Its basic sim- 
plicity and the ease with which its equations may be 
linearized are most important. It has advantages over 
command guidance in that it requires less in the way 
of ground equipment suchas transmitters and computers. 
A salvo of missiles can be fired in quick succession 
into the same beam without mutual interference, since 


the reflecting areas of a missile near the transmitter 


is too small to obstruct the radar reception of those in 
front. The only limitation to this practice is the 
danger of missiles overtaking and colliding with one 
another! The disadvantages of the beam-riding system 
are that a single installation must engage targets one 
at a time; that owing to the inherent properties of the 
system accuracy decreases with range; and the type 
of trajectory imposed by primary beam-riding gives 
less than optimum range performance for a given mis- 
sile weight. A workable solution must also be found 
for the several problems of phasing error, jitter, and 
dispersion already discussed in this article. 

Some typical beam-riding weapons 


Oerlikon. This is a ground-launched anti-aircraft 
weapon designed and built by the Oerlikon company 
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of Switzerland. The missile has cruciform delta wings 
as shown in Fig. 8a. and is steered by tail fins when 
the sustainer motor is exhausted. This occurs after 
about 45 sec., with the missile then flying at a 
Mach number of about 2-4. Previous to this moment 
the missile is steered by deflecting the entire thrust 
chamber of the motor. The wings are movable and 
are programmed to slide along the body so as to 
maintain the distance between the centre of gravity 
and the centre of pressure as constant as possible. 
Launching is unboosted, with an acceleration of about 
3g, and the missile can be fired at any elevation be- 
tween 20 and 90°. Interception can occur at any height 
between 10,00 and 60,00 ft. The firing units are arrang- 
edin groups, each of which has a central command post 
and three firing batteries. Each command post is 
equipped with an early warning radar whose range is 
62-124 miles. Targets located by this radar are 
alldcated to individual batteries, and are then tracked 
by the battery radar tracker which controls the beam 
transmitter and launcher. The missile is fired into a 
coarse beam (20° wide) which gathers it into the 
guiding beam that is trained onto the target. Each 
battery has two launchers and the group rate of fire 
is 12 rounds a minute. 

The advantages of the beam-riding system with 
Oerlikon are its simplicity — all the necessary equip- 
ment, including the launcher and radar, being trans- 
portable — and its elimination of the need for aim-off 
as the missile is always heading for the target. 

Fireflash, This is an air-to-air missile developed 
and manufactured by the Fairy Aviation Co., of Great 
Britain. It is an unmotored cruciform dart (Fig. 8b) 
which is boosted by two solid fuel motors attached to 
its forward end. Designed to be fired from a fighter 
aircraft, it has its guiding beam linked to a visual 
gunsight which the pilot of the attacking plane trains 
onto the target. The missile is fired, and when its 
boost motors are exhausted, an explosive bolt dis- 
connects them from the main body, leaving the dart 
to coast on its way to the target. During the boost 
phase the missile is unguided and is spun, by setting 
the boost nozzles at a slight angle to the main axis, 
to prevent a large dispersion. After separation the 
tail fins, which are set at 45 to the wings, are un- 
locked and the missile is roll stabilized so that its 


Fig. 7 Boost separation of an AWA Seaslug missile 


Courtesy Sperry Gyroscope Co, 


































































































Fig.8 Outline drawings (to scale) of four beam-riding 
missiles developed for practical use 
a Oerlikon b Fireflash c Terrier d Seaslug 
The shaded portions represent detachable boost 
motors 
elevating and steering fins are at the correct angle 
to the missile’s roll gyroscope reference direction, 
which was in turn aligned with the radar reference 
direction prior to launch. As soon as the missile roll 
direction is within preset limits, a switch connecting 
the guidance circuitry to the control equipment is 
closed and beam-riding starts. During the gathering 
phase the lateral acceleration is limited to avoid 
impairing the range of the missile. 
In this instance the simple equipment required for 
beam riding is obviously of great advantage. 


Terrier. Terrier (Fig. 8c) is an American ship-to- 
air missile: it is cruciform, steered by pivoting wings, 
equipped with stabalizing tail fins set at 45 to the 
wings, and has a tandem boost. Little information has 
been released about the missile system, but it is 
kriown that the USS Boston, which has been equipped 
with this missile, carries two twin launchers. Each 
launcher is aligned with a guidance beam, and once 
the beam has acquired a target the launcher follows 
until the missile is in flight. A salvo of two missiles 
is normally fired. The Boston can track two targets 
at once and can fire at a rate of 8 missiles a minute. 
After launch the missile is accelerated to Mach 2 in 
3% sec. during boost, and then accelerates more 
slowly to Mach 2-5. Terrier has a slant range of about 
20 miles. 

Seaslug. This is acruciform, British sea-to-air missile 
(Fig. 8d), boosted by four wrap-round motors, and 
steered by rear control surfaces. In this system a ship- 
borne tracking radar is arranged to lock onto and follow 
the target automatically, regardless of any evasive 
manoeuvre that the target may make. The missile is 
fired along the axis of the beam, 

Recently it has been revealed that during trials in 
Australia three missiles with live warheads were 
fired at three jet targets. Two rounds destroyed their 
targets and, in order to preserve the instrumentation 
in the target drone, the third warhead was deliberately 
programmed to miss its target, which it did by the re- 
quired distance. 

Reference 


1, Wiener, N,: “The extrapolation, Interpolation and Smoothing of 
Stationary Time Series’ with Engineering Applications’ (John 
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ELECTRICAL 
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Polarography 





The first practical application of a polarographic 
method of chemical analysis can be attributed to 
Jaroslav Heyrovsky working in Prague during the 
early nineteen-twenties (1). In 1925 the first polaro- 
graph was introduced by Heyrovsky and Shikata 
(2); this instrument recorded automatically the cur- 
rent-voltage curves obtained from an electrolytic cell 
using a dropping mercury electrode. Such curves can 
be used to identify and determine simultaneously the 
concentrations of many reducible or oxidizable ‘sub- 
stances present in a solution. Polarographic methods 
of analysis can be applied to the determination of a 
variety of organic materials as well as the commoner 
cations and anions. 


The term ‘polarography’ was adopted by Heyrovsky 
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and its industrial applications 





TRANSDUCERS—J 


Previous articles in this. series appeared between 


“Now an analytical tool of prime importance 
in routine laboratory analysis and for control’ 


by D. G. ANDERSON, M.Sc., F.R.LC,, F.S.G.T. 


British Scientific Instruments Research Association 


to describe the automatic determination of the current- 
voltage curves using a dropping mercury electrode, 
since these curves are, in reality, polarization curves. 


In any electrolytic cell, the deposition of one 
gramme — equivalent of any ion requires 1 faraday 
(96,500 coulombs) of electricity. However, the energy 
required to deposit different ions depends upon the ion 
concerned. Energy being the product of charge and 
voltage, it follows that the decomposition voltages 
for different electrolytic reactions will vary. Thus a 
Daniell cell (1.1V) will not decompose water, whereas 
a 2V accumulator will.do so, The decomposition 
voltage for an electrolytic reaction can be determined 
with clean platinum electrodes in the solution and 
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Current, HA 


Fig. 1 Polaro 
gram of a solu 
tion containing 
a number of 
reducible ions 





Applied voltage, V 


applying to them a gradually increasing voltage 
through a potentiometer circuit. A sudden large in- 
crease in the flow of current becomes evident when 
electrolysis begins. 


If E is the e.m.f. of an electrolytic cell and V is the 


potential applied to bring about electrolysis, then by 
Ohm’s law 


V-E=RI 
where R = resistance of the system 


and / = the current flowing. 


E acts as a ‘back e.m.f.’ and V must be greater than 
E for electrolysis to occur. In determining the decom- 
position voltage of the system, V is only slightly 
greater than E; if however V greatly exceeds E, the 
chemical and physical changes which occur during 
electrolysis produce a variation in E. Under such 
conditions the cell becomes polarized. Polarization 
can thus be described as ‘any change produced at an 
electrode by electrolysis, which causes its potential 
to differ from the normal value’. 


Consider a Ag/AgNO3(C)/Ag cell. Since the elec- 
trodes are identical, they will have the same electrode 
potential and the cell has no e.m.f. If a sufficiently 
high potential is now applied, electrolysis occurs; 
silver is deposited at the cathode and the local con- 
centration of silver nitrate there is reduced from a 
value C to a value Cj; at the anode, silver is dissolved 
by the NO3 ions and the concentration of silver nitrate 
there is increased to a value C2. The cell thus be- 
comes a Ag/AgNO3(C; )/AgNO3(C>)/Ag cell. 


This is a concentration cell, where the two electrodes 
have different potentials because they are immersed 
in solutions of different concentrations. The result is 
an e.m.f. opposing the applied e.m.f. and the effect is 
known as concentration polarization. Increasing the 
current will increase the polarization and stirring will 
decrease it. 

Let us consider a solution containing a number of 
metallic ions having different decomposition voltages. 
(The term reducing potential is sometimes used, since 
on electrolysis the metallic ion is reduced to the metal 
by receiving an electron: M * + e = M.) 

If two electrodes are immersed in the solution and 
the cathode is polarized by an e.m.f. gradually in- 


creasing from zero rowards at first very little current 
willflow. When, however, the lowest reducing potential 
is reached,a current will flow through the solution and 
will be proportional to the concentration of the sub- 
Stance being electrolysed. When the next highest re- 
ducing potential is reached, a further sudden increase 
in current will occur, proportional to the concentration 
of the second substance. The process will thus be 
repeated for each cation in turn, as the applied voltage 
is increased. If the current-voltage curve in such a 
system is plotted, it is seen that the curve shows a 
number of steps upward as the voltage increases; 
this is demonstrated in Fig. 1. 


A curve such as that shown in Fig. 1 is known as a 
polarogram. Over the horizontal portions of the curve, 
the potential is such that the rate at which ions 
arrive at the electrode is almost equal to the rate at 
which they are removed by reaction; thus the current 
is very nearly constant although the voltage is in- 
creasing. This limitation of the current is caused by 
the state of concentration polarization existing at 
the cathode, since the concentration of reducible ions 
is decreased by the electrode reaction. The ions at 
the cathode are reduced as rapidly as they reach the 
electrode surface, and the concentration at this 
surface remains constant at a value which is small 
compared with the concentration in the bulk of the 
solution. The current in the cell is therefore governed 
solely by the supply of reducible ions to the cathode 
from the body of the solution. In polarography, con- 
ditions are so arranged that the reducible ions arrive 
at the cathode surface largely by a process of dif- 
fusion; this is accomplished by the addition of a 
large excess of a so-called indifferent electrolyte, 
whose ions do not participate in the electrode reaction. 
Under these conditions the limiting current for any 
ion is controlled by diffusion processes and is dir- 
ectly proportional to the concentration of that ion. 
Other reasons for using an indifferent electrolyte will 
be described later in this article. 


When a particular ion has been completely removed, 
the current hegins to rise until a second limiting cur- 
rent is reached and the next ion is completely re- 
moved, and so on. The limiting current and therefore 
the height of each step or wave is directly propor- 
tional to the concentration of the ion concerned and 
thus a polarogram can be used for the quantitative 
analysis of a mixture of ions in solution. In Fig. 1, 
heights A, B and C give a measure of the relative 
concentrations of three different ions. 

The voltages at which the vertical -portions of the 
curve occur will depend upon the ions present and 
are in fact the reducing potentials of the ions. Values 
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for the reducing potentials of some of the commoner 
ions are given in Table 1. 

The reducing potential for @ given ion depends to 
some extent upon the concentration of that ion. A 
quantity however which is independent of concen- 
tration is used as a characteristic in polarography. 
This is the half-wave potential; it is the potential 
at which the reduction of the ion is half-completed. 
Generally it is denoted by the symbol ‘ey’. Fig. 2 
demonstrates this idea. 

In Fig. 2, curve A represents the polarogram ob- 
tained with a dilute solution of an ion; curve B is 
obtained with a more concentrated solution. The 
potential at which reduction takes place with curve 
A is slightly greater than with curve B, but the mid- 
points of both waves lie on a line parallel to the 



































Fig. 3 Schematic 
arrangement of 
apparatus for 
polarographic an- 
alysis 








current axis. Thus these points correspond to the 
same potential, i.e. the half-wave potential. Some 
typical half-wave potentials are given in Table 2. 


Increasing the total ion concentration. Where ions 
are capable of undergoing a two-stage reduction, 
each stage gives its own polarographic wave; thus 
with ferric ions, two reductions are possible: 


ettt+ ++ 


F +e Fe 


Fe** + 2e Fe (metallic) 

In order to increase the total ion concentration of 
the solutions used in polarography an indifferent elec- 
trolyte is added. Usually a large excess (about 100 
times) of potassium chloride is used; this procedure is 
.adopted because the electrical migration of the re- 
ducible ions is almost completely eliminated and 
practically all the current is carried by the indifferent 
ions.. Thus the limiting current for a particular ion 
species is governed by diffusion. Throughout a polaro- 
graphic analysis using an indifferent electrolyte, the 
total ion concentration is not significantly altered by 
the removal of the relatively small amounts of re- 
ducible ions and thus the heights of the polarographic 
waves are strictly proportional to the concentrations 
of the substances being estimated. Potassium ions do 


not interfere with the commoner ions in polarography 
since the half-wave potential for the K* ion is about 
—2.17 V on the s.c.e. scale. Another indifferent 
electrolyte in common use is calcium chloride. 

A certain amount of interference is experienced in 
polarographic determinations if the solution contains 
appreciable amounts of dissolved oxygen, since this 
could be reduced at the cathode. This effect can be 
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reference to the saturated calomel electrode (S.c.e.), 


Table 1, Reducing potentials of some cations 


Ion Reducing potential, volts 
Cutt 0°10 
Pott 0°42 
Cdtt+ 0°62 
Zntt 1°05 
Mn++ 1°52 
Batt 1°95 


Table 2, Half-wave potentials of some common ions, 


Ton Half-wave potential 1A* 
Kt —2.17 
Catt —2.23 
Mg++ —1.90 
Zntt —1,06 
Cdt+ —0.63 
Nit+ —1,09 
Sntt+ —0.47 
Pott —0.46 
Cutt —0.03 


*The half-wave potential is given in volts with 


minimized by working with a weakly acid sofution or 
in the presence of ammonia or a tartrate. Preferably 
the oxygen should be removed before electrolysis by 
bubbling hydrogen or nitrogen through the solution, 
Interference by the evolution of hydrogen at the 
cathode is overcome by the use ofthe dropping mercury 
electrode (see later). 


The arrangement used for polarographic analysis is 
shown schematically (in a simplified form) in Fig.3, 


The cell comprises the solution to be analysed S, a 
mercury anode A, and a dropping mercury cathode D. 
With the dropping mercury electrode (d.m.e.) small 
drops of mercury are discharged slowly from a fine 
glass capillary into the solution. In this way the 
effective surface of the cathode is constantly re- 
newed and poisoning effects are eliminated. Further- 
more the evolution of hydrogen from a mercury cathode 
does not occur until a relatively high voltage is 
reached and this makes possible the deposition of 
ions which are difficult to reduce, such as the alkali 


Fig. 4 The principle, of the Heyrovsky — Shikato 
polarograph. Reproduced from‘ polarography 
by I.M. Kolthoff and J.J. Lingane by 
courtsey of Interscience Publishers 
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ions. The d.m.e. is supplied from a reservoir usually 
through a flexible tube and a positive pressure of 
about 30-60cmH_is maintained. The mercury should 
be of Analar quaiity to avoid interference by soluble 
impurities. The optimum drop time for the d.m.e. is 
between 2 and 5 seconds, which corresponds to flow 
rates between 1 and 3 mg of mercury per second. 
The internal diameter of the capillary is thus de- 
signed to be of suitable size so as to achieve these 
conditions. The small surface area of the d.m.e. com- 
pared with that of the anode prevents limitation of 
the current strength by the anode. Another cathode 
which has been used for polarography is the platinum 
micro-electrode but it can easily become contaminated 
during electrolysis and its use is not widespread. 

The anode can conveniently be a pool of mercury 
underneath the cathode but a standard electrode can 
also be used. Sometimes the saturated calomel elec- 
trode is used as an external anode, being connected 
to the solution through an agar/potassium-chloride 
bridge. 

The voltage applied to the cell is varied by means 
ofthe potentiometer P (Fig. 3) and the current strength 
is measured by the galvanometer G. 


The arrangement shown in Fig. 3 could be used for 
producing a polarogram of a solution, but it would 
have to be increased in definite stages and the 
current values measured at each stage. The polaro- 
graph of Heyrovsky and Shikata incorporated an 
automatic photographic recording of the current- 
voltage curves; the principle of this is shown in 
Fig. 4. 


In this diagram, D is the cell containing the solution 
for analysis; B is the potentiometer bridge wound on a 
drum which is geared to a motor A. The storage-battery 
H supplies current to the bridge and the total voltage 
drop across the wire can be adjusted to a desired value 
(usually between 2 and 4 V). The motor rotates the 
drum so that the voltage is applied at a rate between 
0-1 and 0-3 V/min, The cylinder C carries a roll of 
photographic paper in a lighttight housing, and is 
geared to the potentiometer drum so that the two revolve 
simultaneously. Arrangement of the gears is such that 
a complete revolution of the potentiometer gives a 
movement of about 1 cm on the photographic paper. E 
isa mirror-galvanometer which reflects a narrow pencil 
of light from the source G onto the photographic paper. 
The swing of the galvanometer is perpendicular to the 
movement of the paper and the sensitivity can be ad- 
justed by means of a shunt F. 

One can see from the above arrangement that, when 
the decomposition voltage for a component is reached, 
the current will increase suddenly and the light beam 
will trace out the polarogram on the photographic 
paper; the currents and voltages corresponding to the 
various polarographic waves can easily be determined 
from the sensitivity of the galvanometer and the poten- 
tialdrop across the potentiometer drum. The instrument 
can be calibrated using solutions of known concentra- 
tions of given ions. 


The basic principle of the Heyrovsky-Shikata polaro- 
gtaph is still used today in many of the commercially 















































courtesy Evershed & Vignoles 


Fig. 5 The Tinsley polaro graph 


available polarographs, but the methods of recording 
the current-voltage curves have been modified and 
markedly improved. The necessity for processing 
photographic paper has been eliminated and the polaro- 
grams are now recorded in ink on calibrated paper. One 
important development has been the application of d.c. 
amplificationto the current passing through the polaro- 
graphic cell, and this has made possible the use of a 
pen recorder. Fig. 5 shows a modern industrial auto- 
matic recording polarograph. 


The above instrument is entirely self-contained ex- 
cept for the electrode assembly and cell. The recorder 
is amoving-coil d.c. pen-type milliammeter with a stan- 
dard speed of about 1 in/min. corresponding to a volt- 
age change of 0-5 V. Such an instrument can be used 
forthe rapid simultaneous analysis of a number of sub- 
stances in a single solution. Derivative polarograms 
(to be explained later) can be obtained by operating a 
selector switch. 

1. The derived polarogram. If instead of plotting the 
current | against the applied voltage V in a polaro- 
graphic cell, one plots d//dV against V, then the polar- 
ogram are replaced by sharp peaks as shown in Fig. 6. 


The name derived polarogram has arisen from the fact 
that d//dV is the slope of the direct polarogram and 
therefore derived from it. The derived polarogram is use- 
ful in cases of analysis where a number of substances 


Fig. 6 A derived polarogram, the derivative of the 
current with respect to the voltage being 
plotted instead of the current itself 


Applied voltage, V 









































































































































































































































































































































































































































































are present, whose decomposition potentials are very 
close to one another. In a direct polarogram of such a 
mixture, distinct waves are not obtained but the de- 
rived polarogram may give a well-defined peak for each 
ion being reduced. The height of the peak is propor- 
tional to the concentration and the position of the max- 
imum indicates the half-wave potential of the ion con- 
cerned, thus providing a means of identification. 

In modern polarographs a derived polarogram is us- 
ually obtained by inserting a high capacitance in 
series with the galvanometer, so that it replaces one 
of the leads from the galvanometer to the shunt. 

2. The a.c. and square-wave polarographs. Derived 
polarograms are also obtained when a small alternat- 
ing voltage is superimposed upon the normal slowly- 
increasing direct voltage applied to the cell, and the 
alternating component of the cell current is recorded. 
This is the basis of the ‘alternating current polaro- 
graph’ originated in 1950 by Breyer, Gutman and 
Hacobian(3). Delahay and Adams(4) have shown that 
the alternating current should have a frequency of 
about 6 c/s and a steady potential of about 5 mV 
(r.m.s.). 

A further development [by Barker and Jenkins(5)] 
of the a.c. polarograph has produced the ‘square wave 
polarograph’, in which the superimposed alternating 
voltage has a square waveform. This instrument is 
capable of determining certain ions in concentrations 
as low as 10-9 molar. Although the square-wave polaro- 
graph was originally developed for experimental pur- 
poses, a commercial instrument is now available; this 
is shown in Fig. 7. 


The instrument shown in Fig.7 uses a dropping mer- 
cury cathode and a mercury pool anode. The advantages 
of square-wave polarography are: 


a. High sensitivity — about 200 times as sensitive 
as the conventional polarograph. 


b. Ability to resolve and determine substances 
with decomposition voltages as close as 40 mV. 


c. Very little pretreatment of the sample is re- 
quired in comparison with the classical polaro- 
graphic methods. 


d. Mixtures containing substances of widely 
different concentrations can be readily analysed. 


3. The cathode-ray polarograph. The cathode-ray 
polarograph makes use ofa cathode-ray oscillograph to 
display the current-voltage relationships in the polaro- 
graphic cell. The successful development of this type 
of polarograph is due mainly to Randles(6) and Davis(7); 
an industrial instrument is now manufactured by Southern 
Instruments. Inthe cathode-ray polarograph the current- 
voltage curves are displayed on the cathode-ray tube 
screen which has a square graticule printed on it; the 
phosphor of the screen has a long afterglow and thus 
the trace is visible fora few seconds. The graticule is 
calibrated in microamps (0 — 5 pA) vertically and in 
millivolts (0 — 500 mV) horizontally; the latter cor- 
responds to the sweep voltage but the cell current 
must be calculated from the value of the load resis- 
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tance selected. The entire change of potential is 
effected during the lifetime of a single mercury drop, 
instead of being spread over the lives of a number of 
drops as in the conventional instruments. The wave 
produced by the cathode-ray spot is not of the same 
form as that of the conventional polarogram; the current 
rises to a peak and then falls exponentially to a con- 
stant value; and the height of the peak is strictly 
proportional to concentration. The voltage at which 
the maximum occurs is characteristic of a given re- 
duction and has been found to be about 0.05 V more 
negative than the half-wave potential. 

The cathode-ray polarograph has a number of ad- 
vantages over the conventional instruments; probably 
the most important are the high sensitivity and re- 
solution, and the great rapidity of the determination, 
The entire polarogram is reproduced on the ‘screen 
once every seven seconds, but a permanent photo- 
graphic record can be obtained with a camera attach- 
ment. The instrument can be used to give either direct 
or derived polarograms. 

The polarograph can be applied to analytical prob- 
lems in the research laboratory and in industry. The 
literature on the subject is very extensive and it is 
impossible to give a comprehensive account of it 
here. The following examples however will show how 
important is the contribution made by the polarograph 
in the fields of organic and inorganic analysis. 

1. Alloy analysis. The polarograph, since it is 
capable of carrying out simultaneous analyses of a 
number of metallic ions in a single solution, is ob- 
viously an ideal instrument for examining variations 
in the composition of alloys. The major constituents 
can be determined by suitable dilution of the solution; 
the trace elements and impurities can usually be de- 
termined directly.Simple procedures have been evolved 
for overcoming the interference effects of one element 
upon another. The approximate working range of 
potential in polarography is from —2.6 V to +0.3V; 
the relatively highnegative potential has been achieved 
by using tetramethyl ammonium salts as the indifferent 
electrolyte; the limit of positive potential is set by 


Fig. 7 A Mervyn-Harwell square-wave polaro- 
graph, which uses a dropping mercury 
cathode and a mercury pool anode 


courtesy Mervyn Instruments 
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the half-wave potential for the electrolytic dissolution 
of mercury into mercury ions (anodic oxidation). 

2. Analysis of organic substances. Some anodic 
oxidation reactions give a type of inverted polaro- 
graphic wave which can be used for analytical pur- 
poses. Barbituric acid has been estimated in this 
way; in addition the electrolytic reduction of organic 
compounds sometimes gives a definite waveform from 
which the concentration can be deduced. Some of the 
more important organic compounds which have been 
estimated polarographically are esters, azo dyes, 
alkaloids, gammexane, DDT and penicillin. 


3. Anions. Some anions such as nitrate, nitrite, 
sulphite and selenite can be reduced by the dropping 
mercury electrode and therefore can be estimated 
directly with the polarograph. There are also some 
very sensitive polarographic methods for the deter- 
mination of dissolved oxygen in liquids such as blood 
and water effluents. 


4. Trace elements in foods and plants. The squate- 
wave and cathode-ray polarographs, with their high 
sensitivity, are particularly useful for the deter- 
mination of minute traces of metals in foodstuffs and 
in plants. Since the metals are associated with organic 
matter the sample is first oxidized by ignition or with 
strong nitric acid and the metallic residue is made up 
to a standard volume of solution. The indifferent 
electrolyte added to the solution depends upon the 
element to be determined. With the square-wave polaro- 
graph, Ferrett, Milner and Smales(8) were able to de- 
termine less than 1 part per million of lead in a sample 
of cocoa. 

The use of the polarograph for the control of varying 
concentrations of ions in a solution usually consisted, 
in the past, of intermittent sampling and analysis. 
More recently however, polarographic methods have 
been adapted to the continuous analysis of flowing 
solutions. Lewis and Overton(9) used two polarographs 
in opposition to give an automatic and continuous 
record of the concentrations of some metallic ions 
which give discrete and well-defined polarographic 
waves. The instrument developed during this work em- 
ployed two dropping mercury electrodes, the drops 
being synchronized; samples were fed into the con- 
tinuous-flow polarographic cells through a ‘mixer- 
deoxygenator’. Both direct and derived polarograms 
could be obtained with the apparatus. 

In the continuous polarographic measurement of the 
amount of dissolved oxygen in natural waters Briggs, 
Dyke and Knowles(10) used a ‘wide-bore’ dropping 
mercury electrode. With the conventional type of 
electrode, of internal diameter about 0-04 mm_ they 
found that the behaviour was not consistent for more 
than a few hours, owing to the tendency of. calcium 
carbonate to deposit near the fine bore. This gradually 
produced smaller drops and finally the flow of mercury 
ceased entirely. An electrode whose bore was between 
0-8 and 1-0 mm gave stable conditions whilst opera- 
ting continuously for a few weeks. A wide-bore drop- 
ping mercury electrode is now commercially available 
and is shown in Fig. 8. 

This electrode delivers mercury upwards to the 
orifice at an angle of 45° to the horizontal, the flow 















































courtesy Mervyn Instruments 


Fige 8 The Mervyn — WPRL polarographic electrode 
is suitable for use in continuous polaro- 
graphic analyses 


being restricted by a capillary in the mercury feed 
tube. The electrode is capable of continuous operation 
for 48 hours without replenishing the mercury. Normally 
it is supplied together with a zinc reference electrode 
for the determination of dissolved oxygen in sewage 
effluents or river water. For other work a mercury pool 
electrode can be used and this unit is built into the 
cell. 


Another electrode which has been designed for con- 
tinuous polarographic analysis is the ‘shielded’ drop- 
ping mercury electrode, used by Jura(11) for the deter- 
mination of cyanide ions in flowing solutions. It 
appears that this type of electrode would be suitable 
for plant process control. 


A conventional dropping mercury electrode has been used. 
for the continuous determination of uranium in radio- 
active waste streams(12). With an ‘in-line’ polaro- 
graphic cell, uranium concentrations in the range 
10-4 to 1072 Molar were determined every 74 mins 

This article is intended only as a brief introduction 
to polarography. The polarograph, since its invention 
in 1925, has steadily widened in scope and is now an 
analytical tool of prime importance in routing labora- 
tory analysis and for control purposes. Those who wish 
to learn more about the subject would be well-advised 
to read the comprehensive textbook by Kolthoff ahd 
Lingane(1 3). 
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Telemetering system 


employing a coded pulse 


The varec pulse code system provides a fast read out 
of level and temperature information in true digital form 
for transmission over unlimited distances. The level 
and temperature measurements obtained at the tank are 
converted into digital form within a transmitter unit 
and fed in the form of dots and dashes via a field se- 
lector to one or more distant receiver units. Initial 
selection ofa desired tank is carried out by a standard 
telephone type dial. Five seconds after dialling a tank 


number an inline display indicates the tank number 
2 aang Saat 
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Fig. 1 One of the 
receivers with its 
indicators and 
dial 
from which the information originated, a level or tem- 
perature function, and level in ft, in. and 1/10 in. up 
to 60 ft, or temperature up to 270°F. The equipment is 
self-contained and will operate from 110 - 240v, 50-60 
c/s single phase. Data logging can be provided where 
required. 

The pulse code system is manufactured by Wm. Neill 
& Son (St. Helens) Ltd. 
Tick No 187 on reply card 


Printers 
high-speed, compact 


Two types of high-speed printer are now available from 
Venner Electronics Ltd. each capable of printing a 
line of up to eleven characters at a maximum rate of 
five lines per second. The drive circuitry is fully 
transistorized in both types. These printers are 
Suitable for use with both valve and transistor digital 
instruments, although external attenuators must be 
fitted if high voltages are being injected. 

Printer type TSA65 is intended for use with ten-line 
Systems and requires an input which varies from at 
least —3V d.c. to —V d.c. on a line, to cause the 
respective character to be printed. 

Printer type TSA66 is designed for use with single- 
line analogue input systems and requires an input 
which varies from —7V to print a 0 to —2V for a 9, the 
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intervening numbers being printed when the correspond- 
ing linear increment is injected. 

Both models require a print command signal pulse of 
3V amplitude positive- or negative-going. TSA6S and 
TSA66 are compact in size (16% in. deep x 10 in, 
high) and operate from 230V 50 c/s. mains. 


Tick No 188 on reply card 
Resolvers 
two size |] synchros 


Two synchro resolvers (types 11R13N4 and 11R2N4) 
have been added to the range of Pullin Kearfott com- 
ponents. The resolvers conform to the American 
BuOrd Size 11, having two separate phases on the 
stator and two phases with one common terminal on 
the rotor. The output is a sine and cosine expression 
of the angular position of the rotor and the resolvers 
are used in computor networks to rotate rectangular 
coordinates or for the conversion of Cartesian co- 
ordinates to polar coordinates or vice versa. 

Two types are available, the 11R13N4 having a high 
impedance and the 11R2N4 a low impedance. The 
11R2N4 is particularly suitable for high frequency 
operation and has been used successfuly on 10 kc/s 


systems. 
Tick No 189 on reply card 


Time calibrator 3 
a compact, convenient unit 
Cawkell Research and Electronics Ltd. have introduced 


anew version (CU3A) of their time calibrator unit. The 
time intervals, which range from 0-5 psec to lmsec, are 
















Fig. 2 The time 
intervals range 
from 0.5 pz sec to 
1 msec 






selected by means of press-button switches. Each 
switch remains depressed until a ‘cancel’ button is 
operated, thus a mixed output of markers may be ob 
tained. The markers mix additively so as to facilitate 
counting. Both positive and negative-going outputs 
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are available and, at tne same time, one or more in- 
dividual time markers may be derived from sockets on 
the panel. The latter outputs are connected before the 
push-button switches and are independent of the switch 
positions. 


The price is £260 and delivery is 2-3 weeks. 


Tick No 190 on reply card 
Actuators 


a rotary range from America 


Keelavite Hydraulics Ltd. have concluded an agreement 
to manufacture and sell in Europe and the UK the 
rotary torque actuator (Rotac) units of the Ex-Cell-O 
Corporation of America. The first series to be made in 
this country will be the RN series. These are single 
and double vane units, fitted with needle roller bearings. 


Fig. 3 A cut- 
away view of one 
of tie single-vane 
rotary actuators 


The range provides torque ratings from 1500 lb—in. to 
92000 Ib—in. at 1000 Ib/in2. 

These units provide semi-rotary movement hydrauli- 
cally-controlled. The single vane models allow move- 
ment through an arc of 280° The double vane models 
develop much greater torque for the same pressure, 
but the arc of movement is restricted to 100°. 


Tick No 191 on reply card 


Tracking comparator 


an automatic instrument 


Insulating materials may form conducting tracks when 
subject to electrical stresses. This is particularly so 
when the surface is subject to contaminants like moi- 
sture or conductive dust. The I.E.C. has specified a 
test to determine the comparative tracking index. The 
test requires that measured drops of test electrolyte 
are dropped at intervals of thirty seconds between two 
electrodes and the comparative tracking index is ob- 
tained by plotting the number of drops to cause break- 
down of the material against the applied electrode 
voltage. The index is taken to the voltage at which 
50 drops will cause breakdown. 

The automatic tracking comparator was developed 
by the Electrical Research Association to provide a 
practical and reliable means of carrying out the pro- 
visions of the IEC specification. It employs a meter- 
ing pump to deliver accurately measured drops of 
electrolyte at the specified rate. The drops are auto- 
matically counted and the test is stopped when the 
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‘New for Control!) 


current between the electrodes exceeds a given value. 
The instrument now being produced by Southern In- 
struments Ltd. is closely based on the ERA design, 

but incorporates a number of additional features. 
Tick No 192 on reply card 


se * 
designed as building-bricks 


Mullard Equipment Ltd. have announced thé introduc- 
tion of two types of counting units designed for use 
as building-bricks for industrial electronic counting 
and control systems. 


One is a conventional type of counter capable of a 
counting rate of 30,000 a second and intended for ap- 
plications where the counter is not required to exer- 
cise any direct control over the machine or process. 
The other is a preset counter which can be programmed 
to issue up to ten command signals to the controlled 
machined once the count has reached specified values. 
It is believed to bethe only standard production counter 
to offer such extensive programming facilities. 

The units have been carefully designed to be suit- 
able for any kind of industrial applications involving 
counting, batching, or the measurement of physical 
dimensions, time intervals and so on. 


Tick No 193 on reply card 


Refractometer 


for continuous flow 


The Hilger continuous-flow refractometer makes a con- 
tinuous comparison between a reference liquid and a 
flowing sample. Any change in the concentration of 
the sample is shown on a meter or recorder. 

The refractometer uses a null-balance system of 
measurement; nnd any change in the refractive index 
of the sample unbalances the system. A simple servo- 
mechanism restores the balance and indicates the dif- 
ference between the indices of the sample and refer- 
ence liquids. The cells containing the two liquids are 
made from a stainless steel that is approved for use in 
the food industries. The cell is surrounded by a bath 







































Fig. 4 The refractometer together with its amplifier 


of water, which helps to maintain it at a constant tem- 
perature. When very high accuracy is required the ref- 
erence liquid and the water in the bath may both be 
circulated through an external heat exchanger. 

Tick No 194 on reply card 





87 
































































































































































































































































































































































































































































































































‘New for Control 


QUICK LOOK 


A trip amplifier for low level signal monitoring has been 
developed by Murphy Radio Ltd, The unit will take the out- 
put from a thermocouple or other low level, low resistance 
d.c. source and operate an alarm or relay when a pre-set in- 
put level is reached. It is fully transistorized and five of 
them can be placed side by side in a frame for mounting on 
a standard 19 in. rack, 

Tick No 195 on reply card 


The motor control unit (type MCU) from Electrical Remote 
Control Co. Ltd, has been designed to provide means for 
automatic reversal of electric motors. It can also be used 
for applications where periodic and alternate operations of 
two electrical circuits is involved. The prices range from 
£8% and the delivery time is 4-6 weeks, 


Tick No 196 on reply cara 
The RCA-7448 is a new 5 in display storage tube. The 
writing speed is 300,000 in/sec. It has an overall length 
of 14 in,, a maximum diameter of 542 in and a useful display 


diameter of 38 in 
Tick No 197 on reply card 


A small germanium p-n alloy junction cell (type 7467) has 
come from RCA. The spectral response covers the range 
3500 to 19,000 x, with a maximum response at about 15,000 


Tick No 198 on reply card 


George Ellison Ltd have recently shown their new range 
of E.C. MkII valves - suitable for operation by manual, 
electric, pneumatic or hydraulic methods, The features of 
the range include standardized components, improved posi- 
tiveclosing, easy adjustment for wear and a reversible seat. 
All parts are of non-corrodible materials for use with water 


or oil, 
Tick No 199 on reply card 


A new direct reading capacity meter (model CM-IU) from 
Daystrom Ltd has four ranges : 100 pF, 1000 pF, 0°01 


microF and 01 microF full scale. The accuracy is 1% on 
the 100 and 1000 pF ranges, and 2% on the others. The 
meter has a 4% in. 50 microA movement. 


Tick No 200 on reply card 


The Heathkit electronic switch (model S-3U) has switching 
rates of 150, 500, 1500, 5000, and 15,000 c/s. The signal 
frequency response is + 1 dB at 0 - 100 kc/s. The input 
impedence is 100 kilohms control and the output impedence 
is 1000 ohms shunted by 1000 pF. The maximum signal 
output is 25 V peak-to-peak, and the maximum signal gain is 
Se 

Tick No 201 on reply card 


The use of a cadmium sulphide power cell has eliminated 
the need for valves and separate control boxes in a new 
self-contained photoelectric relay, from International General 
Electric, draws its operating voltage of 57*5V directly from 
the transformer which supplies the light source. 


Tick No 202 0n reply card 


The Tendar Safebloc provides a rapid method of connecting 
2- or 3-core bare-ended flexible leads to the mains, It com 
prises a plastic block inside which are three clips, the 
block itself being connected tothe mains by a lead and plug, 


Tick No 203 on reply card 


A radiation monitor (type 255), from Airmec Ltd, is claimed 
to be the first fully transistorized radiation monitor to com 
bine laboratory accuracy with complete portability. There 


are four probes, a sample holder and lead castle available 
for use with the instrument, which also contains a built-in 
geiger tube for survey work. 

Tick No 204 on reply card 
The latest addition to the range of KGM multi-indicators is 
the M3 2 in high and 1 in wide. Symbols % in. high Non 
mally displays digits 0 to % 

Tick No 205 on reply card 


INDUSTRIAL 


PUBLICATIONS 





British Thomson-Houston in a 72-page booklet describe 
their specialized equipment for aircraft and guided missiles 
range. 206 


Latest classified index of Ferranti computer literature 
(List CS236) 
207 


An Epsylon Industries folder gives general and technical 
details of industrial television equipment. 


Useful catalogue on Smiths bayonet connectors (BNC 
range) contains well presented graphical and schematic 
information 


A 4—page leaflet from Vokes Ltd., describes the ‘Super- 
Vee’ air filter panel. 


210 


Solartron literature on infinite persistence and double 
beam oscilloscopes and the Space ‘30’ analogue computer 


211 


Informative 80—page catalogue of Fischer & Porter’s flow- 
rators consists of complete specifications, flow calibration 
curves, conversion formulae, etc. 212 


Loose-leaf folder of data sheets covers solenoid servo — 
and air-operated valve units — Alexander Controls Ltd, 


213 


‘The Economic Implications of Automation in Europe’ forms 
part of the report on the Industry & Materials Committee to 
the 14th Session of the Economic Commission for Europe 
(E/ECE/334—G Annex II) 214 


Two James Gordon leaflets — No. 103 describes their 
products and general applications — No. 180 is devoted to 
the thermal conductivity type Elliott co, meter. 


215 


Data sheets of the Daystrom ‘Build-it-yourself’ kits for 


variable frequency oscillator and resistance/capacitance 
bridge. 


216 


Sheet from R.H. Cole (Overseas) Ltd. gives brief details 
of automatic feeding equipment manufactured by Kumag 


217 


A booklet giving details of the properties, advantages and 
uses of theirnylon products is available from Polypenco Ltd 


218 


For further information on any industrial 
publication tick the corresponding number on 
the prepaid reply card 
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THE IMPETUS OF ELECTROHYDRAULIC 
valve development has stemmed 
largely from military requirements in 
power control systems, particularly in 
the | to 5 h.p. range. In the industrial 
field it has become abundantly clear 
that electrohydraulic valves are 
destined to play an important part in 
many of the automatic control systems 
of the future. The tape controlled pro- 
file milling machine or grinding 
machine and the strip rolling mill are 
typical examples of systems which can 
incorporate electrohydraulic valves to 
advantage. 

The main attractive features of the 
electrohydraulic servo valve lie in the 












Force motor 


Flapper — 


Return Pressure 
{Piston t Piston 


good frequency response characteris- 
tics, the small size and high gain, the 
high stalling load of the driven motor 
or ram and the high torque-inertia 
ratio of the driven motor. At the power 
levels concerned, these qualities are 
unmatched by other types of drive. 
It is important to realize, however, 
that in control systems with high in- 
ertial loading—which form a large 
proportion of industrial applications 
—the mechanical stiffness of the drive 
generally presents the greatest design 
difficulty which must be surmounted 
before advantage can be taken of the 
performance inherent in modern elec- 
trohydraulic valves. The compliance 
due to oil compressibility is particu- 
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larly effective in reducing stiffness 
when the valve is used to drive a ram 
with a long stroke. In terms of servo 
bandwidth or in terms of instantane- 
ous error of position control systems, 
the fact emerges that the valve, motor 
and entire loop must be adequately 
designed and matched and simply 
adding a good valve will not improve 
a basically unsound control loop. 
Examples are given in the table of 
seven series of electrohydraulic valves 
made in Britain, which are now avail- 
able, and which cover a wide range of 
flows. In presenting the technical data 
in tabular form, it should be empha- 
sized that several manufacturers stress 


Fig. 1 The Moog 
valve uses a flapper 
operating between 
two jets of fluid 


Pressure 


Return to 
tank 


a 
Servo 
valve 


Fig. 2 The Fairey valve employs flat 
surfaces for flow control, instead of 
the usual spool and sleeve layout. A and 
B are taken to opposite sides of a 
piston 
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ELECTROHYDRAULIC VALVES 


by J. K. ROYLE, PH.D., A.M.I.MECH.E., A.F.R.AE.S. 


and A. WILLIAMS 
University of Manchester 








the fact that particular features on 
valves, e.g. lap, can be suited to indi- 
vidual requirements. The phrase ‘ sup- 
plied on request’ underlines the point 
that the valve must be matched to the 
rest of the control system and the 
factual figures of the table relating to 
a valve alone by no means exhaust 
the capabilities of the manufacturers. 


Flow rate 

The flow rate of the various valves 
is quoted either as the flow rate in 
gal/min at a specified pressure drop 
across the valve or the maximum flow 
rate that the valve is capable of hand- 
ling. 

A single stage valve can be used 
for flow rates up to about 2 gal/min 
and above this, with the exception of 
the valve type 319 of Hobsons Ltd., a 
two stage valve is normally required. 

The flow rate that two stage valves 
are capable of handling is reasonably 
unlimited and valves with larger flow 
rates than those quoted can be made 
to order. 


Maximum operating pressure 

A high operating pressure offers ob- 
vious advantages when size or weight 
of the valve and motor are important 
but in most applications of electro- 
hydraulic valves a good case can be 


Torque motor 
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made for operating the valve below 
maximum pressure. For a given valve 
it is generally better to achieve a fixed 
maximum flow rate by combining a 
comparatively large displacement of 
the valve spool with a comparatively 
small pressure drop than by using a 
smaller spool displacement with a 
larger pressure drop. This generally 
reduces the effects of valve non- 
linearity. 

The capital cost and provision of 
the pumping unit to supply the valve 
and the provision of a cooler and filter 
are often the deciding features in 
choosing the operating pressure. It 
should also be born in mind that the 
adverse effects of oil aeration are vir- 
tually eliminated at oil pressures in 
excess of 1000 Ib/in.?. 


Torque motor 


Three types of torque motors are 
used by the manufacturers listed in the 
table. 

Dowty Equipment Ltd. make the 
Moog valve, which uses a flapper oper- 
ating between two jets of fluid. The 
flapper is displaced by the force deve- 
loped between the two coils of the 
torque motor and the hydraulic, mag- 
netic and elastic forces are adjusted 
to give a hydraulic pressure output 
proportional to electrical input. 

The Gloster Aircraft Co. valve uses 
an oscillating diaphragm, again be- 
tween two jets of fluid. The diaphragm 
follows a square wave excitation at a 
particular frequency and flow is varied 
by adjusting the time of dwell on one 
side or the other by varying the mark / 
space ratio of the square wave. 

Both of the above are used on 
valves with two hydraulic stages. The 
Laws relay, however, relies on the 
rotation of a shaft between the coils 
and can be used to move a spool dir- 
ectly and is, therefore, suitable for 
controlling flow in valves with either 
single or double hydraulic stages. 

Torque motors are difficult to make 
and form a large part of the cost of 
a valve. They are wound for resist- 
ances of from 10,000 ohms per unit 
down to 10 ohms per unit with induc- 
tances of 30 henries to a few millihen- 
ries respectively. With large values of 
inductance, high voltages can be deve- 
loped across the coils and suitable 
protective devices, i.e. Metrosils or 
silicon diodes, must be used to pre- 
vent shorting in the coil windings. The 
higher resistance torque motors are 
driven by electronic valve amplifiers 
and the smaller from transistor ampli- 
fiers, but if full amplitude at the quo- 
ted bandwidth is required, it may be 
preferable to drive the low impedance 
torque motors from suitable electronic 
valve amplifiers as the above combina- 


90 


tions may not provide the required 
high output impedance. 

The non-linear effects of hysteresis, 
threshold, resolution are generally re- 
ferred to input current. The means of 
measurement of these terms can cause 
some confusion. Hysteresis is the cur- 
rent required to re-centre the spool 
after full amplitude deflection has 
been applied. Resolution defines the 
least change of input which causes 
measurable change in output. Hystere- 
sis, resolution and threshold (which is 
the current required to cause the spool 
to move from rest) can be minimized 
either by the use of dither on the 
spool or by closing a loop locally 
around the valve, from a spool pick- 
off to the input of the torque motor 
amplifier. A dither signal can be in- 
jected into the amplifier and, apart 
from reducing hysteresis and hydrau- 
lic stiction, serves to keep the whole 
control system ‘ alive.’ The dither fre- 
quency should be chosen to lie remote 
from any resonant frequencies in the 
system. 


Frequency response 

The table quotes comparative figures 
of the frequencies at which the ampli- 
tude response of the valve falls below 


Adjustment 


Fig. 3 The arrange- 

ment for adjusting 

the lap on the 
Elliott valve 


Exhaust 


Jack 


—3 dB, and where the 45° and the 
90° phase lag occurs. Where possible 
these are given at a stated amplitude 
as the figures are generally amplitude- 
dependent and are usually quoted at 
the optimum amplitude. Normally the 
stated phase lags occur at a lower fre- 
quency with increase or decrease in 
amplitude from the amplitude stated. 
Flow reaction forces and the inher- 
ent effects of load on the valve flow 
give deviations from the characteris- 
tic figures quoted. Generally speaking, 
the valve spools are shaped to reduce 
flow reaction forces. For systems with 
high driven loads, the performance 
figures deteriorate depending on the 
instantaneous load. The figures gen- 
erally refer to the values taken from 
voltage into the amplifier to voltage 
proportional to output spool position 
and can usually be substantiated when 
the velocity of a lightly loaded actua- 
tor replaces output spool position. 


LO 
a Soe 
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System oil filtration 

Electrohydraulic servo valves re. 
quire clean oil. The figures given in 
the table refer to the largest size of 
particle that should remain in the oil 
when it reaches the valve. Some manu- 
facturers supply filters suitable for 
their valves and it is advisable to use 
these to avoid time-wasting and ex- 
pensive valve repairs. The filters 
should be sited close to the valve: in 
the case of the Sperry valves they can 
be mounted directly on the filter. All 
pipe work and particularly that after 
the filter should be thoroughly cleaned 
before assembly. 

Most valves have been tested on 
DTDS585 oil, or other similar hydrau- 
lic oils. Filters suitable for higher vis- 
cosity oils can be very bulky and 
costly but are very necessary. 


Output spool position pick-off 
These are mainly of the inductive 
type working on a carrier frequency 
of between 1200 and 20,000 c/s. They 
are useful in minimizing the effect of 
hysteresis and resolution when a loop 
is closed locally around the valve. 
Some double-hydraulic stage valves 
require feedback to actually position 
the output spool so that the valve re- 


Adjustment 


a 


| 


Pressure 


mains a single integrator, i.e. Keelavite 
and Fairey. The other double hydrau- 
lic stage valves have this positioning 
built into the valve by internal feed- 
back arrangement. 


Output spool lap 

Valve lap can have a serious effect 
on the stability of a control system, 
and lap is chosen for particular re- 
quirements. Generally speaking, for a 
high output stiffness with the valve 
closed, overlap is required. Overlap 
itself reduces stability in a feedback 
system and it is the leakage associated 
with overlap which is_ stabilizing. 
Underlap gives a powerful stabilizing 
term and may increase the flow gain 
near valve closure. depending on the 
shape of the spool. 

The Elliott valves may have the lap 
adjusted when actually in position in 
the control system, providing the sys- 
tem pressure is below 2000 Ib/in.’. 
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ELECTROHYDRAULIC VALVES (ceantinued) 
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‘The Plessey organization has 54 manu- 
facturing units located in 28 factories... 
17,000 employees ...* said Plessey Chair- 
man A, G,. Clark at the company’s re- 
cent two-day sales convention held at 
Cranfield’s College of Aeronautics. 
Among specialist Directors who spoke 
were M. W. Clark (Electronics & Equip- 
ment), E. J. Earnshaw (Aircraft & 
Atomic Energy), J. A, Clark (Compo- 
nents) and A, E, Underwood (Swindon). 
Other Plessey news includes Sir John 
Cockcroft’s opening of an extension to 
Plessey Nucleonics on July 21. My photo 
shows him (third from left) with CONTROL 
consultant Denis Taylor (Director & 
General Manager, Plessey Nucleonics), 
J. S. McPetrie (Director General of Elec- 
tronics Research & Development, Min- 
istry of Supply) and Project Engineer 
M. V. Wilson (Plessey Nucleonics). 


I was interested to hear that Laurence S. 
Yoxali, Foxboro-Y oxall’s MD, had joined 
the American Foxboro company’s Board, 
for this not only means greater liaison 
between both companies but also that 
Yoxall will be directly concerned with 
Foxboro’s operations in the USA, 
Canada, the Netherlands, and Japan. 
Yoxall, who has been connected with the 
American Foxboro concern for over 30 
years, tells me that he sees his appoint- 
ment as being part of the trend towards 
international industrial cooperation. 





BEACH YOXALL 
ashore aboard 


H. J. Beach has joined B. & R. Relays 
Ltd. as Sales Manager. He was with 
T. M. C. (Components Division) dealing 
with specialized capacitors and allied 
equipment, and priof to that was in 
charge of Hawker Aircraft’s radio depart- 
ment, which he joined on leaving Edison 
Swan. Harry Beach was with the Admir- 
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PEOPLE IN CONTROL 


by Staffman 


alty for 17 years, the last seven of which 
he spent in the RNSS. 

G. M. E. Wiiliams, recently-appointed 
Head of Northampton College’s Depart- 
ment of Production Technology and Con- 
trol Engineering, holds strong views on 
control engineering. ‘ It has been harmed 
by ill informed publicity and shallow 
thinking’ he told me, and went on ‘it 
is just part of the engineer’s armoury 
and not a little tin god on its own.’ 
Williams feels that the economics of 
automatic control should always be care- 
fully calculated before installation. 


Last month L. A. Woodhead, Director 
and General Manager of Cossor Instru- 
ments was inaugurated President of 
SIMA, A, W, Rundle of A. Gallenkamp 
becoming Hon. Treasurer and E, R. 
Ponsford of Solartron, Hon. Sec. Wood- 
head sees a tremendous future for scien- 
tific instruments with a great increase in 
demand as they are used more and more 
for production purposes. He feels that 
the great diversity of products made by 
SIMA members is no barrier between 
them for many devices employ the tech- 
niques of several different disciplines. 
Captain R. A, Villiers becomes Director 
of SIMA on September 1. Incidentally, 
this year’s SIMA Convention is on in- 
strument requirements of the future and 
will be held at the Metropole Hotel, 
Brighton, on October 22/23. 





I asked Professor A. Tustin, of Imperial 
College, who led a group of six experts 
in automatic control on a visit to the 
Soviet Union recently, what the team 
had found there. He said that ‘the team 
were most impressed by the rapid rate 
at which the Russians are building up 
potential for future progress in the appli- 
cation of automatic control in industry. 
We saw many research and development 
laboratories, a good proportion of which 
had been established quite recently, and 
also plans for still larger ones. The staff 
for these is ensured by the massive effort 
in higher technical education. Achieve- 
ment so far tends generally to fall a little 
short of present achievement in Britain, 
but our impression was that the rapid 
increase in momentum makes it quite 
possible that the Soviet engineers may 
take the lead in the near future.’ 


TAYLOR McPETRIE COCKCROFT WILSON 


Extensionalists 


Reorganization plus expansion would 
appear to be the order of the day at 
Fischer and Porter Ltd, the flowmeter 
people, British subsidiary of the Ameri- 
can firm of the same name. Frank N. 
Yates (ex-Sunvic Controls) is now Sales 
Manager, B. A. Worswick (ex-Bailey 
Meters and Controls) is Development 
Manager, David Y. Smith (ex-Taylor 
Controls) is Northern Tech. Rep. and 
Kenneth W. Gilbert (ex-Integra, Leeds 
& Northrup) Midland Tech. Rep. Yates, 
who tells me that F & P still get letters 
from their defunct predecessor Solway 
Flowrators, said “ apart from our ‘ Flow- 
rator’ instruments we have now deve- 
loped magnetic and turbine flowmeters.” 





YATES BARROW 


with the flow on the delta 


I hear that S. A. E. Barrow has left Stone 
and Webster Engineering to join Delta 
Technical Services’ Board. Barrow has 
spent some 19 years in the electronic, 
electrical and pneumatic instrument in- 
dustries, and whilst a senior instrument 
engineer with his previous company was 
concerned with the application and design 
of complex control schemes for major 
oil refineries and chemical plants. 


J. M. M. Pinkerton whose article ‘Con- 
trol by Numbers’ in the November, 
1958, issue of CONTROL aroused a great 
deal of interest, has joined the Board of 
LEO Computers. Pinkerton, who will 
have special responsibility for develop- 
ment and design, tells me that the avail- 
ability of better quality valves plus the 
use of improved techniques of preven- 
tive maintenance, have led to much greater 
reliability than was realizable a year or 
two ago. A, B. Barnes (production, com- 
missioning and maintenance) and D. T. 
Caminer (marketing and consultancy) 
have also joined the LEO Board. 
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Graphical techniques for 
control systems—1 


N. G. MEADOWS 
Wimbledon Technical College 


This is the first of a series of data 
sheets presenting a summary of the 
main graphical techniques encoun- 
tered in feedback system analysis. 


The Nyquist diagram 

This is obtained experimentally or 
by calculation from the real, positive 
freqency (jw) response locus of a 
system, and is a plot of system output 
to input ratio in magnitude and phase 
on a polar graph, or the real and 
imaginary parts of this ratio in Car- 
tesian form. The input quantity is 
taken as reference phase and the ratio 
output to input need not necessarily 
relate to quantities of the same kind. 
The locus for negative frequencies is 
such that —jw replaces jw to give con- 
jugate vectors for corresponding *w 
points. 


Nyquist’s criterion of stability 

A feedback system is stable only if 
the frequency response locus of the 
system transfer function does not en- 
close the point—1+j0. As the locus 
is traversed in the direction of in- 
creasing w, i.e. from 0 to ©, — to 
0 and along the contour connecting 
the +0 and —0 extremities, the —1 
+j0 point must always be on the left 
for a stable system. This is illustrated 
in Fig. 1 from which it can be seen 
that if the point —1 lies between A 
and B the system is stable, but not if 
between A and origin, or to the left 
of B. 


Typical loci and characteristics 
The open loop loci for 
% K 


———— ——7_.. (I) 
8 = (jw)"(1+joT,)(1 +joT:) 


are shown in Fig. 2 for n=0, 1, 2, 3, 
the value of n specifying the system 
type. The steady state errors for vari- 
ous inputs are tabulated below 


Fig. 1 Nyquist diagram 


AB 
Gain margin = 20 logy 


= 20 loge AB 
as |AO|=1, which is the gain 
change before vector OB passes 
through —1 point (Fig. 3). 
Effect of gain change 
From Eq. 1 


nv 
e= —[tan7,+ aia: 


which is independent of gain, a change 
merely altering the length of each 
vector. Hence a new locus can be 
plotted for the new gain as shown by 
curves 1 and 2 of Fig. 3. If k is the 
fractional gain change then OD = 
kXOC. Fig. 1 shows that the gain fac- 
tor k need not necessarily increase 
to produce instability. 
Alternative. If the open loop locus 
6./9=KG (jw) is plotted in the form 
G (jw) the —1 point now corresponds 
to —1/K so that for instability this 
point should not be enclosed. Assess- 
ment of gain changes now involves 
only a change of this point and the 
locus need not be redrawn. 
Derivation of closed loop from open 
loop locus 
Open loop transfer function: 

% 

= KG (jw) 


Closed loop transfer function: 
Oo KG KG @) 


ey FS 1+ KG (jw) (jo) 
oe 


Oy - 
(08 |=( EGG. 
and | AB | = 


From Fig. 4 


=a—B .«.9=Y 


illustrating the enclosure 


Unit circle 
centre 0 
w increasing 


DATA 


Fig. 3 


SHEET-12 
Hence a point on the closed loop 
locus is obtained by dividing length 
OB by AB and measuring y, i.e. 
(|OB|+|AB))" y 


Circles of constant magnitude M and 
phase N 
M circles (constant magnitude) 
1%| | KGje) | 
9, | 1 + KG (jw) 
where KG (jw) is of the form x + jy. 
x? + y? 
Therefore M2? = ————— wale 
(1+ x)?+y? 

which on re-arrangement yields the 
equation to a family of circles with 
co-ordinates of centres (—M?2/(M?—1) 
0) or (—MR, 0) where R=M/ 
(M?2—1), the radius of a given circle. 
One such circle is tangential to the 
closed loop locus and gives the maxi- 
mum value of | %/ @,| and hence the 
resonance peak. The resonance fre- 
quency (Fig. 5) is read from the 
locus, or obtained by interpolation. 
N circles (constant phase) 

From Eq. 2, defining N=tan o, 
where 


a aa oe 
9 = ta( %, ) tan (A 4) 
fo= eee) 
z its 
y* 
vise ] 
x(1 +x) 


This yields the equation to a family 
of circles with co-ordinates of centres 
at (—1/2, 1/2N) and radius r=} V (1+ 
1/N2) (or r= 4 cosec o). These cir- 
cles enable the effects of compensating 
networks to be assessed. 


Then N = 


Gain and Fig. 4 Open and 
phase margin 


closed loop loci 


Open loop 
Posi tion 


Input step _ Velocity locus 
Type 0 Error Error « ¢ 
Type 1 No error Error 
Type 2 No error No error 
Type 3 No error No error 


Fig. 5 Typical M and N circles. Circles 
M< 1 lie to the right of the M=1 
circle (infinite radius) 


Fig. 2 Open loop locus for 
various values of n 


M~| 
Input step Acceleration Change of acc M circle 7S 
TT tangential to 
locus 


TypeO Errora 7? Error « #3 
Error « ¢ Error « f? 
Error Error « 

No error Error 


Phase margin=o,, which is the phase 
change necessary for vector OC to 
pass through —1 point (Fig. 3) 
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A monthly review—under basic headings—of the latest control 
engineering developments for all industries; specially edited for busy 
technical management, plant and production engineers, chemical en- 
gineers, etc., who are not specialized in instrument and control systems 


IDEAS APPLIED... 


.--to DATA HANDLING 





The multi-turn digitizer 

D. 8. EVANS, Hilger & Watts 
The first part of the article, which 
appeared in June, dealt with the theory 
of the multi-turn digitizer. Here it is 
shown how it can be applied to preci- 
sion length measuring machines. 


Application to metrology 

Accurate leadscrews are sometimes 
used for producing linear motions for 
measuring instruments for example 
by the micrometer and the microscope 
measuring machines. These are typical 
examples of the use of two or more 
scales which are mechanically linked 
at some fixed gear ratio to one an- 
other to provide coarse and fine read- 
ing systems. 

Basically the two instruments are the 
same, though in one case the nut is 
constrained from linear motion and in 
and other the screw. Fig. 1 represents 
either system. Rotation of the hand- 
wheel A causes the nut B to travel 
along screw C. A coarse scale D is 


COARSE Dp 


FINE 


8 Cc : A 


Fig. 1 In an accurate leadscrew arrange- 
ment the main scale can be broken 
down by a second scale 


made to indicate the travel due to 
each whole turn of the screw, thus a 
1mm pitch screw would be marked 
off in mm. By subdividing the drum E 
a breakdown of the coarse scale D is 
obtained, representing say the deci- 
mals of a mm travelled by the nut or 
screw in a linear direction. If there- 
fore scale E has 1000 divisions the 
finest resolution will be 0-001 mm. The 
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maximum reading would be solely de- 
pendent on the length of scale D. 
Generally speaking, present-day 
machines still require visual observa- 
tion of the scales and reliance is placed 
on the intelligence of the observer to 
avoid ambiguities. This means that 
taking readings of settings is time con- 
suming and open to serious error. 
Where readings are infrequent and time 





Fig. 2 A Hilger measuring microscope 
with a multi-turn digitizer 


permits of double checking this may 
not matter, but there are many in- 
stances where reliability and speed are 
essential factors. In order to meet 
these requirements digitizers have been 
attached experimentally for example 
to a micrometer screw and to a length 
measuring machine. (Fig. 2). 

It should be pointed out here that it 
is not necessary to make scale D in 
linear form. On the Watts measuring 
microscope for example (Fig. 3), a 
circular digitizer geared in the correct 
ratio to the drive was in fact used asa 
turns counter, to produce the same 
results as would have been obtained 
by a linear digitizer. This happened 
to be the most convenient arrangement 
at the time. The problem of avoiding 
ambiguities due to backlash is the 
same in either arrangement. 

The digitizers were connected to 
their decoders which in turn provided 
power for both remote visual display 








of the settings and for automatic re- 
cording on punched card or tape or by 
typewriter. 

Apart from the obvious merits of 
automatic recording the ease of read- 


Anti-backlash circuit 









Coarse Fine 
— Gears digitizer 


$1 


Drive 






Decoder 


Fig. 3 Fine and coarse digitizers may 
be geared together to increase the effec- 
tive scale length 


ing the setting to three decimal places 
by digital display is most marked, 
since the figures appear in the exact 
form they would be written normally 
with no estimations of any of the 
figures. 


- - - to EDUCATION 
Teaching aids from industry 


A contribution towards better aids for 
teaching control engineering has re- 
cently been made by an instrument 
company. They have provided a model 
servomechanism and a_ controller 
which are similar to the ones they 
supply for industry, but which have 
been adapted for teaching purposes. 
The controller is provided with a 
simulator, so that elementary pro- 
cesses with resistance, capacity and ex- 
ponential lags can be demonstrated. 
All parts-of the unit are easily acces- 
sible, and the student can thus carry 
out maintenance and test routines. 
The educational model servomech- 
anism comprises a servo unit and a 
duplex quick-response recorder with a 
separate amplifier. The servo unit in- 
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corporates a power pack, a d.c. ampli- 
fier with phase conscious rectifier and 
push-pull output stage, and a d.c. split- 
field motor generator. The velocity- 
feedback can be varied, and accelera- 
tion-feedback can be obtained from it 
by a capacitor. Inertia loads can be 
added to the system. 

The potential popularity of these 
aids will be lessened by their ex- 


tremely high price, the controller being 


£150, and the instructional servo- 
mechanism costing £240 with an addi- 
tional £340 for the recorder. The firm 
making them is Evershed & Vignoles. 


Extending the usefulness of an 
analogue computer 

For advanced simulation a complete 
analogue computer is necessary, but 
for basic teaching requirements only 
about 5 amplifiers would be needed. 
This usually means that a large part 
of the computer is idle whilst used for 
educational purposes. 

The College of Aeronautics have 
ingeniously increased the teaching 
capacity of their G-PAC analogue 
computer by splitting it into four 





Fig. 4 One of the trays designed and 
built at the College of Aeronautics 


separate rigs. Each rig contains 5 
amplifiers which provide all the 
necessary power supplies, taken either 
from G-PAC itself, or from labora- 
tory supplies. The tray, shown in Fig. 
4, is designed so that it can accept 
five Elliott brick units and the associ- 
ated front-mounting patch panels, 
limiters, dead-zone units, etc. 

Six signal bus-bars are provided 
across the tray to facilitate patching. 
Two more sockets provide +100 V 
and —100V reference supplies which 
are switched locally. A switch is also 
included to isolate the +300 V H.T. 
supplies. 24V dc. is switched to 
operate the integrating relays to ini- 
tiate the computation. 

It is arranged that each tray can be 
operated independently, or in associa- 


CONTROL August 1959 


tion with any number of other trays, 
or with G-PAC itself, thus extending 
the computing facilities up to a limit 
depending on the number of electronic 
units available. 

Though they are not yet making the 
trays Panellit are interested in doing 
so, and any enquiries should be 
addressed to them. 


..- to COMPUTERS 
The digital differential analyser—2 


D, F. WALKER, Ferranti 


In order to give a better understanding 
of the basic element of the digital differ- 
ential analyser, the digital integrator, an 
explanatory table was drawn up in thé 
first part of the article (June), showing 
the similarity between it and its analogue 
counterpart. Here the different errors of 
the two integrators are compared, and 
a few of the advantages and uses of the 
d.d.a are discussed. 


It will be observed from Fig. 4 of 
the first part of the article and Fig. 5 
(below) that the errors in digital differ- 
ential analysers are quite different from 
analogue computers. Although any re- 
quired accuracy can always be ob- 
tained by sacrificing computing speed 
and reducing the size of digital steps, 
a great deal of the technique is aimed 
at avoiding any sacrifice in speed by 
modifying the carry logic so that on 
the average these errors cancel out. 

As well as simulating integrators it 
is necessary to carry out other types 
of operation such as multiplication 
and function generation. For most ap- 
plications these can be simulated using 
standard integrators. Fig. 6b shows 
how integrators can be connected up 
to generate sine and cosine functions. 
The integrators oscillate with a period 
depending on the scale factors and 
the d@ digital pulse rate in a similar 
manner to a _ second order servo 
having zero damping. Non-linearities 
such as backlash and constant time 
delays can be simulated on logical 





curves can be generated by a linear 
interpolation process. 

The type of input and output equip- 
ment depends very much on the com- 
puter application and is more or less 
identical with analogue equipment. 
However, digital techniques require 
the extra facility for converting the 
digital information into analogue 
form or vice versa. These digital to 
analogue converters enable them to 
be dovetailed into process control 
systems. A typical application is the 
control of a fractionating tower in a 
chemical plant. The computer can 
supplement the existing analogue 
controls to enable the tower to op- 
erate under optimum conditions. As 
the bandwidth requirements are small, 
great advantage can be taken of time 
sharing opportunities offered by this 
digital technique. 

Digital differential analysers are 
more versatile than analogue com- 
puters and have all their merits with- 
out any restrictions on accuracy. With 
the present computer clock frequen- 
cies of 4 Mc/s they are more costly 
for bandwidths above 1 c/s. However, 
computers are now being built with 
much higher clock frequencies which 
will enable the digital differential an- 
alyser to compete in wide bandwidth 
applications. 

Digital techniques have been used 
extensively for the control of machine 
tools. They are now being used for 
navigational computers in aircraft and 
guided weapons. When substituted in 
analogue equipment to replace the less 
accurate elements such as multipliers 
and axis coordinate transformers, an 
effective improvement can be made in 
the overall accuracy. Although these 
techniques have been used for a num- 
ber of years it is only recently that in- 
dustry has realised their full potentiali- 
ties and we should see them play an 
important role in the control field in 
the near future. 


computing units while arbitrary 


ELECTRONIC ANALOGUE INTEGRATOR 


Main sources of error: 


Inaccuracies and variation of network 
parameters. Drift’ in dc. amplifiers. 
V./m error can be neglected. 

Sa 


Sine cosine function generation 


Sine cosine potentiometer. 


DIGITAL INTEGRATOR 


Approximation assumed for ydx and 
quantitization of y variable. Error = 
4 dx dy on the average. 

5b 


d (sin 9) = d (cos 6.d@) 


S| dcos@=-—sin 6de@ 


























































For your bookshelf 


‘Mag amps’ for the engineer 

Magnetic Amplifier Engineering by G, M. Attura. McGraw- 
Hill. 1959. 220 pp. £2 18s. * 250 
The subject of magnetic amplifiers has advanced greatly in 
the past ten years or so. This book, divided into sixteen short 
chapters, aims to give an up-to-date account of the operating 
principles and practical applications of all the more important 
types of magnetic amplifier. 

After three chapters which are mainly introductory, there 
is a chapter on types of magnetic core and their manufacture, 
chapters on the magnetic materials suitable for magnetic 
amplifiers and on the measurement of material and core char- 
acteristics. The saturable reactor in series and parallel con- 
nexion is described in Chapter 7, followed by an account of the 
selenium, germanium and silicon rectifiers suitable for use in 
magnetic amplifier circuits. This in turn is followed by an 
account of the half-wave reactor-rectifier amplifier, and then 
by chapters on typical circuits and applications. 

The book deals with the subject mostly by qualitative analyses 
of the operation of these amplifiers and with only the mini- 
mum of mathematical treatment. 

In the first three chapters particularly, the serious student 
may find the tendency to verbosity and unnecessary repetition 
a little tedious and the author’s meaning is not always clear. 
For example, the statement on p. 17 that ‘ the B-H characteris- 
tic of the important ferromagnetic materials is never a con- 
stant’ is presumably intended to mean that the characteristic 
is non-linear. 

However this is a good, relatively short book which may be 
regarded as introductory to the more detailed treatises now 
available. References are given at the end of each chapter 
to recent American work in this field. F. BRAILSFORD 


Transistors—as they were in 1955 


Transistor Electronics by A. W. Lo, R. O. Endres, J. Zawels, 
F, D. Waldhauer, and C-C. Cheng. Macmillan & Co. 1958. 
521 pp. £2 5s. * 251 
Our knowledge of transistors and transistor circuits is advanc- 
ing with great rapidity, and so the wise engineer who con- 
templates the purchase of a book on these subjects naturally 
pays great attention to the date of publication of any volume 
that he inspects. 

The book under review first appeared in the USA in 1955 
and is now republished without change, so that it contains no 
references to the many original papers that have appeared 
since that date. In the copy sent for review, these facts are 
not made clear and the unwary reader might be led to assume 
that the first date of publication was 1958. It is understood, 
however, that the publishers are now inserting a correction 
slip to prevent further misunderstanding. 

When the book first appeared it was welcomed as an excel- 
lent guide to transistor circuits. The first chapter deals with 
physical concepts in sufficient detail to enable the reader to 
understand why transistors behave as they do and this is fol- 
lowed by a very clear explanation of the way in which the 
physical phenomena can be represented by the various Lf. 
equivalent circuits in common use. These circuits are then 
applied to the analysis and design of 1.f. amplifiers. The modi- 
fications to the equivalent circuits, which become necessary 
when transistors are operated at high frequencies, are next 
considered and a chapter follows on the physical interpreta- 
tion of transistor parameters. The remainder of the book is 
concerned with the design of Lf. amplifiers, oscillators, modu- 
lators, detectors and pulse circuits. 
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Although, in places, the book shows signs of its age (notably 
in the space devoted to point-contact transistors), it deals in 
the main with fundamental matters which have not changed 
during the past few years. It can be recommended to anyone 
who wishes to gain a thorough insight into the design of 
transistor circuits; those whose concern is with the use of 
transistors in relatively straightforward applications may pre- 
fer the less detailed treatments given in other books. C. W. OATLEY 


Addressed to the user 

High Speed Computing—Methods and Application by S. H. 
Hollingdale. The English Universities Press Ltd. 1959. 244 pp. 
£1 5s. *% 252 
This useful and informative book, as the author points out 
in his preface, ‘is not intended for the computer specialist, 
but for the educated general reader . . . who hes a broad 
interest in physical science and is not frightened by a little 
mathematical symbolism.’ The approach throughout is that of 
the potential user of computers; mathematical knowledge 
beyond GCE O-level is seldom assumed. 

The first four chapters introduce the subject and include 
an interesting account of the early history up to 1946. Two 
long chapters are devoted to fairly comprehensive descriptions 
of the British computers Edsac and Deuce. Rather unfor- 
tunately, these are both ‘early’ machines (the Edsac indeed 
was dismantled in September 1958), but nevertheless they 
serve well to illustrate most of the basic principles. Quite 
thorough treatment is given of the techniques of program- 
ming the two machines; some later details may well be skipped. 

Storage devices, the logical design of computers, and the 
operation of a computing service are briefly but usefully 
covered in later chapters. The remainder of the book describes 
the main applications of computers: scientific computing, data- 
processing—both commercial and _ scientific—and language 
translation. These chapters contain sections on the reduction 
of experimental data and the control of industrial processes, 
which will be of special interest.to the control engineer. 

The book is well produced and illustrated, and contains a 
very useful selective bibliography in which, however, two 
misprints have been noted (‘ Dettinger’ for ‘ Oettinger’ and 
* Goldstone’ for ‘ Goldstine’). Another error that might cause 
confusion occurs on p. 136, where the term minor cycle is 
used four times when major cycle is intended. E. N. MUTCH 


Operations Research for Industrial Management by Prof. Dr. 
D. N. Chorafas. Reinhold: New York. Chapman & Hall: 
London. 1959. 300 pp. £3 10s. % 253 


Apart from the first chapter, which describes admirably the 
approach of the operational research worker to industrial prob- 
lems, this book will not help the control engineer to learn 
about operational research (or, for that matter, the industrial 
manager either). The subject-matter is too specialized and the 
standard too variable. Moreover there are more typographical 
errors than one would expect in a book at this price. 


Books received 
Process Dynamics by Donald P. Campbell. John Wiley: mee! York. 
Chapman & Hall: London. 1959. 316 pp. £4 4s. 254 


Cryogenic Engineering by Russell Scott. D. Van an, 
1959. 368 pp. £2 2s. * 255 


Information Storage and Retrieval by M. Taube and H. Wooster. 
Oxford University Press. 1959. 228 pp. £2 8s. * 256 
Solid State Magnetic and Dielectric Devices edited b 2 H. Katz. John 
Wiley: New York. Chapman & Hall: London. 1959. 542 pp. £5 8s. 

* 257 


Transistor Circuits by K. W. Cattermole. Heywood & Co. 1959. 
442 pp. £3 10s. * 258 


Landmarks of Tomorrow by Peter F. Drucker. William Heinemann. 
1959. 204 pp. £1 Is. * 259 


Symbolic Logic and Intelligent Machines by E. C. Berkeley. Rein- 
hold: New York. Chapman & Hall: London. 1959. 203 pp. £2 12s. 
* 260 





% Tick the relevant number on the reader information card for further inform- 
ation on any book reviewed above. 
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Where precision and quality 
guarantee speed without failure 






Bristol Repetition Ltd. chose 


MAXAM for quality and Precision 


Production went up more than 600°, when designers 
at Bristol Repetition Limited incorporated MAXAM 
Pneumatic Equipment in their Compass Mk. VII Rotary 
Index Type Transfer Machine. In this multi-station 
indexing design for flow production, plastics barrels for 
fountain pens are pneumatically fed from a hopper into 
the loading position. From there onwards every 
operation—including clamping and table indexing, 
drilling, tapping, milling, forming, countersinking, 
and even swarf blowing—is carried out by air/hydraulic 
control, timed by simple plate-cams acting on MAXAM 
controls. 

MAXAM Fluid Power affords flexibility of design as 
well as complete reliability in operation. Modifications 
or alterations to the design of the workpiece can be 
readily taken care of in the Bristol Repetition machine, 
for the Compass Mk. VII automation base itself could 
be inexpensively altered to carry out a completely 
different series of operations to produce other work- 


pieces by interchange or substitution of the MAXAM 
drilling and other units, cylinders, and controls. 
Pneumatic/hydraulic equipment by MAXAM is being 
specified increasingly in multi-operation machines where 
prompt and unfailing response of every item 
is essential to the smooth working of the 
whole sequence: 66°, of current production is 
for companies whose designers, with experience of 
MAXAM product quality, performance and re- 
liability ,have planned their future flow production 
machines with MAXAM< fluid power in mind. 
























































If you are a Chief Draughtsman, Works Manager, Production Head, 
or other person seriously interested in safely increasing 
productivity, please send for our catalogue. 


MAXAM POWER LIMITED 


Camborne, England. ’Phone : Camborne 2275( 10 lines) ¥ rs 
44 Brook Street, London W.1. "Phone: HY De Park 9444 
A company in the Holman Group which has branches, Y 


technical representatives and agents throughout the oe 
United Kingdom and the world. 
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GAS 


The gas industry is showing a great deal of interest 
inoil as a feedstock for its gas producing plants, much 
to the discomfort of the National Coal Board. This is 
a great problem fraught with political implications, but 
one assumes that the customer has the right to buy in 
what he considers to be the most economic market. 
Any national complications ensuing from a preference 
for an imported rather than a native product are hardly 
the responsibility of the gas industry who are, in any 
case, themselves facing severe competition from the 
Central Electricity Generating Board. 

Page 64 of this month’s CONTROL carries T.A. 
Lucas’s article on the instrumentation of the South 
Eastern Gas Board’s SEGAS oil gasification works at 
the Isle of Grain. He points out that the plants are in- 
“tended to accept as feedstock whatever refinery pro- 
ducts are from time to time surplus to market require- 
ments. Presumably, it can be argued that the SEGAS 
plant is using only that proportion of refinery products 
which would otherwise be used uneconomically or even 
go to waste. 

In following up instrumentation in the gas industry, 





BUTTON PUSHER. This reversing roughing mill at 
Jones & Laughlin’s Aliquippa Works, USA, is equipped 
with Westinghouse PRODAC - ‘programmed digital 
automatic control’,Using a single punched card, speed 
and roll openings of the edger and main rolls are pre- 
determined for a complete schedule of up to nine 
posses. 


from the world of control 


CONTROL approached an authoritative author tor an 
article on the North Thames Gas Board’s methane 
plant at Canvey. However the NTGB have refused to 
permit publication on the somewhat vague grounds 
that it is a new development embodying a lot of tech- 
nical “know-how”. This seems a surprising attitude 
for a nationalized concern which, surely, should be 
ready to publicize technical progress. 

CONTROL, indeed, finds it hard to believe that 
industrial security precludes a description of the ap- 
plication of instrumentation to the methane process, 
although the oil industry is clearly interested. Could 
we be right in assuming that because methane is im- 
ported as a liquefied gas, and is thus in direct com- 
petition with native coal, political rather than techni- 
cal considerations are the reason for the NTGB’s reti- 
cence? 








STEEL 
Automatic screwdown at Corby 


As part of their programme of reconstruction Stewarts 
& Lloyds have replaced the 42-in primary mill in their 
Corby Works by a 48in mill of higher rolling capacity 
and with automatic screwdown. The screwdowns are 
controlled from two automatic programmers, one by 
Digital Engineering and the other by Metropolitan- 
Vickers. CONTROL understands that Stewarts & Lloyds 
have installed these on an experimental basis, pre- 
sumably to test their relative merits. 

The Digital Engineering programmer is based on the 
BISRA translator confrol system which employs uni- 
selectors, and the M-VE device, which is basically 
similar, uses punched paper tape and can provide any 
one of 50 rolling schedules. The remote position servo 
for both programmers is by M-VE and uses 50 c/s 
flux-resetting type amplifiers. 


... and automatic slowdown 


Lancashire and Corby Steel (an S & L company also 
at Corby) have incorporated automatic slowdown equip- 
ment in their cold strip mill with consequent savings 
of up to 10%. As the strip passes from one reel to an- 
other, via the rolls, it is difficult for the operator to 
judge the point at which to slow the mill prior to re- 
versing it. The ideal is to slow down with the minimum 
number of turns remaining on the uncoiling reel. As 
late slowdown means that the strip may be snatched 
off the uncoiling reel, the tendency is to slow down 
too early witha consequent increase in off-gauge ma- 
terial. 

The company have, therefore, installed automatic 
slowdown equipment, by English Electric, which counts 
the turns and automatically determines the latest safe 
point to slow down the mill for reversing. English 
Electric make two types of slowdown equipment, mech- 


CONTROL, August}1959 


HIGH-SPEED PANEL MOUNTING 
ELECTRO-MAGNETIC COUNTER 


with PUSH-BUTTON RESET 


All the well tried features of our Type 100 Series Electric Counters are 
incorporated in this new model. 

plus—Sealing against dust. 

plus—Large easily read figures. 

plus—Even longer life expectations at 25 counts per second. 


plus—First wheel graduated 0 to 11 as optional standard. 
Write for full details 


ounting shpat ar 
nstruments Ltd 


on request. 
COUNTING INSTRUMENTS LTD., 5 ELSTREE WAY, BOREHAM WOOD, HERTS 


Telephone: ELStree 1382 (4 lines——@ —@§<———_—____—_ 
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anical and electronic, andthe former is in use at Corby. 
Basically this consists of a circular rheostat whose 
output changes as turns are wound off the reel. The 
turns indicated by the rheostat are compared with the 
square of the strip speed. During uncoiling this quan- 
tity is rising while the number of coils on the reel is 
falling. At the correct point a relay starts the slowdown. 

The electronic slowdown equipment counts turns 
using Dekatrons, and a differential relay compares 
the number of turns with a speed signal. 
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Locating: the interface between oils 


Iraq Petroleum’s oil pipelinesinIraq, Syria and the 
Lebanon, which run 555 miles from Kirkuk to Tripoli, 
accept different grades of oil at Kirkuk these being 
pumped successively along a common pipeline. The 
different oils are segregated at Tripoli making it nec- 
essary to locate the interfaces between oils. After 
a 555-mile run the interface has spread somewhat, and 





TRIPARTITE STEERING. Shell T ankers’new 18000 ton 
STS Anadara has Sperry/Hastie gyro-hydraulic steer- 
ing control in a single wheelhouse unit. For hydraulic 
telemotor control, the standard Hastie system is em- 
ployed from the wheel through a telemotor pump in the 
console andtelemotor receiver aft. Sperry hand-electric 
steering is via the same wheel and through an electric 
after power unit which operates the valve gear of the 
steering engine. Automatic steering control also em- 
ploys the electric power unit and steering engine 
system, controlling signals being derived from a Sperry 
Mark XIV gyro compass. 












it is important that the mixed oil should not contamin- 
ate the higher density oil. Therefore the oil must be 
switched either before the interface, if the higher den- 
sity oil is leading, or after the interface if the lower 


' density oil is leading. 


The oil company is now installing nine Ekco type 
N611 nucleonic fluid density gauges to overcome this 
problem. They will be used at Kirkuk, Tripoli and at 
three intermediate pumping stations. Each installa- 
tion comprises a measuring head, an indicator, a re- 
corder and an audible alarm. 

At all switching positions, except the initial one at 
Kirkuk, two gauge installations will be used: one to 
warn of the approach of an interface and the other to 
indicate its arrival. The recorder of the advance warn- 
ing gauge will show the shape of the rise or fall. in 
density across the approaching interface. (At Tripoli, 
where the interface may take half an hour to pass the 
control point, the advance gauge is two miles from the 
final gauge.) 

The Ekco fluid density gauge, which can detect den- 
sity variations down to 0.002 S.G., uses a radioactive 
source and its operation depends on the passage of 
gamma rays through the pipe walls and the extent to 
which their passage is impeded by the fluid within the 
walls. 





ATOMIC ENERGY 





English Electric are installing three analogue comput- 
ers - Pluto, Mars and Saturn - at their Whetstone, Lei- 
cestershire, Atomic Power Centre, as well as a Deuce 
digital machine. The latter is in general use providing 
about 100 hours a week of digital computation on re- 
actor, nuclear and costing problems. Pluto and Mars 
are also in constant use but the largest machine, 
Saturn, which will have 1512 computing amplifiers, 
will not be in full operation until late 1960. 

The smallest analogue machine, Pluto, is a four plane 
reactor simulator for the simultaneous solution of the 
non-linear differential equations involved in transient 
and fault analyses of the Hinkley Point and similar 
reactor systems. It has 100 amplifiers in a fixed cir 
cuit and 200 10-turn helical potentiometers which can 
be set to 0-1% accuracy to give an overall computing 
accuracy of a few per cent. 


Problems of similar and greater complexity than those 
soluble by Pluto are handled by Mars, a 200-amplifier 
general purpose analogue computer. If necessary it 
can be operated in two separate parts, arid its patch- 
board enables a variety of differential equations to be 
simulated. Mars has 200 10-turn helical potentiometers, 
80 10-diode function generators and 60 servomultipliers. 
Its overall accuracy is greater than that of Pluto. 

Occupying two floors in Whetstone’s Fuel Element 
Research Laboratory, Saturn will be the largest ana- 
logue computer in Europe. It will have six banks of 
252 computing amplifiers, each bank being capable 
of use on its own or coupled to any or all of the other 
five. One bank is already in commission and all should 
be operational by late 1960. Saturn will be concerned 
with such problems as the study of reactor instability, 
power station control, and the more complicated mathe- 






CONTROL, August 1959 





1e, 


ane 
the 
ent 
lar 
cir 
can 
ing 


ose 
fier 
nit 
ch- 
_ be 
ers, 
iers. 


ent 
na- 
, of 
ble 
her 
yul d 
1ed 

ity, 
the- 





5 


CONTROL, August 1959 


Electrical Aids in Industry 


Resistance Heating-1 





In this form of heating, the heat is produced by 
passing an electric current through a high resistance 
conductor which is termed the “ heating element ”’. 

The heat is transferred from the heating element 
to the work by convection, radiation or conduction, 
or by a combination of any, or all of these. When it 
is a question of radiation or convection, the element 
can be a bare wire or strip of suitable material, 
provided it is adequately supported on electrical 
insulation capable of withstanding the temperature. 
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When there is to be contact between the work 
and the element, heat being transferred to the work 
by conduction, the wire or strip must be surrounded 
by suitable insulating material and enclosed in 
a protective sheath. 
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In the majority of cases, the wire or strip forming 
the heating element is made of a nickel-chromium 
alloy which has a high electrical resistance and can 
be safely used in air at temperatures of up to 
1050°C., or in a suitable atmosphere, of up to 
1150°C. Other element materials are available for 
use at higher temperatures. 

Sheathed elements, essential for contact heating 
but also used widely for convection and radiation 
heating because of the convenience afforded by the 
mechanical streneth of the sheath, usually metallic, 
and by their “built-in” electrical insulation, cannot 
be used at temperatures as high as the bare wire or 
strip. This is because the wire, being embedded in 
insulation, is always at a higher temperature than 
the sheath, and to keep the wire temperature down 
to a safe figure the sheath temperature is usually 
limited to a maximum of around 800°C. 

Automatic temperature control of resistance 
heating elements within narrow limits is easily 
effected, but if manual control only is desired, 
devices are available which enable the heat output of 
the elements to be controlled precisely at a required 
level. As with all electrical methods, a time switch 
may be included in the control circuit for auto- 
matically switching on or off at predetermined times, 
and this can enable, for example, an electric oven to 
be fully up to working temperature by the time the 
working day starts. Since there are no combustion 
products from the heaters, there is no need to build 
flues or special ventilating arrangements which also 
carry away aseful heat. 

Electric resistance heating may profitably be put 
to many diverse uses; two of these are described 
briefly below, others will be listed in a subsequent 
data sheet. 


Furnace Heating 


Electric resistance furnaces can be divided into two 
main categories, batch type and continuous. In most 
cases, the heating elements are of 

nickel-chromium alloy, for fur- 
mace temperatures up to around 
1050°C., but higher tempera- 
tures, up to nearly 3000°C., can 
be obtained by using other metals 
or alloys, or in some cases non- 
metallic elements. A protective 
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Data Sheet NO. 4 


atmosphere is desirable to prolong the life of some 
of these higher-temperature elements. For all 
temperatures, electric resistance furnaces can be 
constructed so that the heating process takes place 
in a controlled atmosphere if this is dictated by 
the composition or heat requirements of the work 
charge. In some furnaces, fans are used to circulate 
the air or special atmosphere over the charge, there- 
by giving increased heating rates and a uniform 
temperature over the whole charge. 


Automatic temperature control and program 
control of the heating process are readily effected. 
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Electric furnaces are extensively used in industry, 
for example in the general heat treatment of metals, 
in the glass and ceramics industries, for brazing and 
sintering, and for many other applications requiring 
temperatures above 500°C. 


Oven Heating 


There are two basic forms of heat transfer used in 
electric resistance ovens: convection and radiation. 
The latter is dealt with in a separate data sheet under 
the heading “ Infra-Red Heating ”’. 
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Convection ovens may again be of the batch or 
continuous type. In either case, the charge is heated 
mainly by the movement of hot air, which is some- 
times assisted, as in furnaces, by fans to give a rapid 
and uniform temperature rise. Ovens are normally 
designed for temperatures of up to about 500°C., 


and the heating elements are invariably of nickel- 
chromium or nickel-chromium-iron alloy. 


Ventilation, when required, can be provided and 
regulated entirely to suit the 
heating process. Tempera- 
tures and times are readily ~ wy 
controlled. A vacuum can be 
maintained in suitably de- 
signed ovens to assist in the 
extraction of moisture and 
solvent. 





Convection ovens are extensively used for drying, 
baking and stoving operations, and for a host of 
other processes requiring a low or medium 
temperature. 
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For further information, get in touch with 
your Electricity Board or write direct to the 
Electrical Development Association, 2 Savoy 
Hill, W.C.2. 

Excellent reference books on electricity and 
productivity (8/6 each, or 9/- post free) are 
available—“Induction and Dielectric Heating” 
is an example; “Resistance Heating” is 
another. 

E.D.A. also have available on free loan a 
series of films on the industrial use of 
electricity. Ask for a catalogue. 
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PLUTO: the smallest of English Electric’s reactor 
simulators at the Whetstone Atomic Power Centre 


matical analysis of three-dimensional stress problems. 
Initially 100 10-diode function generators and 210 servo- 
multipliers will be used. Saturn has six removable 
patch boards, each of 5120 sockets, and 3600 10-tum 
helical potentiometers. Its overall accuracy will be a 
few per cent. 


CINEMA 


CONTROL visited Technicolor Ltd., the colour cinema 
film people, at their works opposite London Airport, 
recently, to see their rather unusual use of the Airmec 
Tool Alarm. This device was designed to detect the 
breakage of any steel tool in machining. It has a par- 
ticular application to transfer machines where the 
breakage of a single tool can prejudice the whole of 
a complex operation. 

The unit consists of small detector coils moulded in 
Araldite, which are fitted around the tool to be protect- 
ed. The coils are connected to transistorized printed- 
wiring units which incorporate a sealed output relay. 
On tool breakage, a signal from the detector coil op- 
erates the output relay, the relay contacts tripping 
the main power contactors or switching alarm circuits 
as required. 

The Technicolor application has nothing to do with 
machining or tool breakage although the Airmec device 
is applied to ‘transfer machines’, in this case machines 
which transfer colour - yellow, magenta and cyan - to 
blank film. There are four of these machines operat- 
ing 24 hours a day, six days a week, at film speeds up 
to 300 ft/min. Although it is a continuous process 
which accepts film as an unbroken strip, the latter is 
in fact made up of a succession of different films 
joined end to end. Each film may require a different 
processing technique and the problem was to sense 
the changeover from one film to the next in order that 
each film cauld be processed in accordance with par- 
ticular requirements. In the past a system of metal 
contacts was employed,each join between films carry- 
ing a metal contact which triggered the appropriate 
programme. This system, although quite satisfactory, 
necessitated a great deal of maintenance most of which 
was due to contact troubles and, as continuous machine 
operation is vital, Technicolor sought another method. 

The present system employs the Airmec Tool Alarm 
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as a proximity indicator. The continuous strip runs 
over, and about 3 in. clear of, the detector coil, each 
individual film being joined to its neighbour by a Monel 
metal clip. As the clip enters the field of the detector 
coil a signal is passed to the alarm unit to operate the 
output relay which brings in the appropriate process- 
ing programme. 

Each of the four transfer machines will employ three 
such detectors, one for each colour. Up to the time of 
CONTROL’s visit, nine detectors had been installed 
six of which were in use. So far they have operated 
satisfactorily and there is every reason to expect that 
once the complete system is in use they will continue 
to do so, operating 24 hours a day, six days a week. 


BUSINESS 


Recently opened by the Minister of Supply, the new 
headquarters of the recently formed AEI Electronic 
Apparatus Division at New Parks, on the outskirts of 
Leicester, comprises offices, laboratories and a fac- 
tory block. This new Division, embracing the electronic 
activities of BTH afd Metro Vick, began trading from 
Leicester on July 1st, but some electronic manufacture 
for AEI will continue at Manchester, Rugby, and Cov- 
entry - and at Lincoln, where AEI has its valve and 
semi-conductor works. 


The products of the New Parks works include many 
items of automatic control equipment; the Division is 
indeed divided into five groups three of which - servo, 
computer, and industrial control - are of direct interest 
to control engineers. During a tour of exhibits arranged 
on the opening day, CONTROL saw magnetic amplifier 
and electronic speed control equipment for use with 
d.c. motors, control rod actuators for Berkeley power 
station, a photoelectric positioning system for a travel- 
ling crane, a transistorized photoelectric counter, and 
fire control and guidance radar. 


Particularly interesting was the working exhibit of 
the new AEI (nee BTH) system for computer control 
of machine tools, giving continuous contouring in 
three dimensions. It employs a digital computer, el- 
ectrical servos and Helisyn measuring devices, and 
was being used with a Kendall and Gent vertical mill- 
ing machine to mill a profile (in two dimensions only) 
of the type occurring in turbine blades. This system 
of numerical control for machine tools is not yet in 
commercial production but will be before the end of 
the year. Another pointer to the future was an exhibit 
of a range of silicon transistors now under develop- 
ment in the research laboratories. 

The site provides plenty of room for future growth, 
and clearly Leicester is likely to become known as an 
industrial town of importance in the light electrical 
and electro-mechanical field. Control engineers may 
feel sorry that AEI has not set up a true Control Divi- 
sion (as has at least one of its large competitors), 
particular since so much of the work at Leicester is 
to be control engineering. (It is certainly not all ‘elec- 
tronic’, in the sense that work on, say, radio receivers 
is.) Moreover the position of Sunvic Controls within 
the AEI group does not seem clear at present. This 
firm is, CONTROL understands, likely to be integrated 
in the instrument section of MetroVick at Manchester 
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WORTH ITS 
WEIGHT... 
IN GOLD- 


But so inexpensive 





DIFFERENTIAL 
PRESSURE TRANSMITTER 





The 200TD111 Differential Pressure Transmitter is a simple, 
small, inexpensive instrument. It is used for the measurement 
of flow, liquid level, pressure or density of fluids. A 3 to 15 psi 
pneumatic signal is transmitted with an accuracy of 1°. 


Because of low original cost and economical installation and 
maintenance, the practicability of flow measurement is now 
extended to many jobs previously considered marginal and 
uneconomical, e.g. the metering of steam, water and air to a 
given department for cost accounting purposes. 

















Steam and Liquid 
Flow. Typical 
installations are 
RECORCER plant steam 
distribution 
analysis and 
condenser cooling 
water. 


Ranges 0 to 50, 100, 200, and 300 inches of water. Suitable for 
Measurements of Flow, Liquid Level, Density and Low Pressure. 






Light Weight for easy handling; weighs only 4} lbs. Hand 
Size — 3” diameter, 64” long. 


LOW COST - EASILY INSTALLED - LIGHT WEIGHT 
FIXED RANGE - SIMPLIFIED MAINTENANCE 





Contact TAYLOR Now! 


for bulletin No. 98274/GB 






Hale End Road, Walthamstow, London, E.17 Telephone: Larkswood 3371/6 


A subsidiary of the Taylor Instrument Companies, Rochester, N.Y., U.S.A. 





CONTROL, August 1959 






Tick No 67 on reply card for further details 
103 


rather than AEI Electronics at Leicester. But with 
process control (Sunvic’s forte) and position control 
(or ‘industrial control”) coming closer, through the 
common link of the computer, AEI seems to have miss- 
ed a chance to set up a major control organization 
that could tackle any control engineering problem. 
May we suggest that Lord Chandos thinks again about 
control engineering in the AEI group? 


FOOD 
Autocontrol at Carr's biscuit factory 


A bulk flour plant and automatic distribution, weigh- 
ing and delivery of all ingredients direct to the mix- 
ers, form part of an extensive modernization pro- 
gramme at the biscuit factory of Carr’s of Carlisle. 
Thomas Robinson and Son of Rochdale and Elliott 
Brothers (London) Ltd. are collaborating in this 
work. Flour will be delivered in bulk vehicles and 
conveyed pneumatically throughout the storage, pro- 
cessing and weighing operations by Robinson’s 
‘Pneu-Flow’ system. 

The many recipe cards are in the form of punched 
cards. The recipes wanted are selected by a search- 
ing device and stored in the memory of a control 
panel. The appropriate quantities of the different in- 
gredients are then selected automatically and de- 
livered to each mixer. Fat, syrup and glucose are 
distributed and metered by special equipment develop- 
ed by Carr’s engineering department. The mixing 
period is time-controlled and the dough is then tipped 
into hoppers to be fed continuously into the biscuit- 
making machines. 


IN BRIEF 


SIX EMI COMPUTERS have been ordered recently. Grocer 
J. Sainsbury has ordered an Emidec 1100 data processor 
for stock control and central accounting for supplies to 
branches; BEA is to have an Emidec 1100 for passenger 
and freight movement work, which is understood to cost 
over £250,000; the Royal Army Ordnance Corps is to have 
an Emidec 2400, by June 1961, for work connected with 
stocks of MT spares etc; Barclays Bank has ordered an 
Emidec 1100 at a cost of £125,000, for centralized book- 
keeping for some 40,000 current accounts in London’s 
West End, by mid-1961; the Air Ministry has ordered a 
£190,000 Emidec 1100, to be delivered by the end of 1960, 
for payroll calculations for 80,000 civilian employees; 
and the Ministry of Labour has ordered a £140,000 Emidec 
1100, to be dehivered by the end of 1960, for statistical 
and payroll work. 


NRDC SUPPORT EMIDEC 3400 AND ATLAS: National 
Research Development Corporation are supporting Ferranti’s 
development of a powerful high-speed computer, Atlas, for 
scientific and development work and fast commercial data 
processing; and EMI Electronics’ Emidec 3400 (a develop- 
ment of the Emidec 2400) for large-scale high-speed scien- 
tific work. 


‘JOURNAL OF MECHANICAL ENGINEERING SCIENCE’ 


is published quarterly by The Institution of Mechanical 
Engineers. ; 


ICSE - intermediate current stability experiment - a fast 
pinch torous type machine is to supersede AERE’s Zeta 
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and will be employed on basic research into thermonuclear 
reactions. J. B. Adams has been appointed Director of the 
UKAEA’s new establishment dealing with controlled ther- 
monuclear research, 


PNEUMATIC-ELECTRIC PRESSURE TRANSDUCERS; 
overall error less than + 0+05%; pressure range 0-30 Ib/in2, 
preferably greater; to operate at constant temperature and 
not subjected to severe shock or vibration; electrical read- 
out, preferably digital; wanted by US Science Corp., 5221 
West 102 St., Los Angeles 45 USA. 


LOOKING AHEAD 


WEDNESDAY 26 AUGUST — SATURDAY 5 SEPTEMBER 
26th National Radio and Television Exhibition. Earis Court 


WEDNESDAY 2 — WEDNESDAY 9 SEPTEMBER 
Annual Meeting British Association for the Advancement of Science. 
York. Details: The Secretary, 18 Adam Street, Adelphi, wc2. 


THURSDAY 3 — SATURDAY 19 SEPTEMBER 
Scottish Industries Exhibition, Kelvin Hall, Glasgow 


MONDAY 7 — SUNDAY 13 SEPTEMBER 

SBAC Flying Display and Exhibition. Farnborough 
SATURDAY 12 — MONDAY 21 SEPTEMBER 
European Machine Tool Exhibition. Paris 


MONDAY 20 — FRIDAY 25 SEPTEMBER 


World Progress in Instrumentation Conference. Chicago. Details: 


Instrument Society of America, 313 Sixth Avenue, Pittsburgh 22, 
Pennsylvania, USA 


OCTOBER — SEPTEMBER 1960 


Information Engineering and Theory of Electrical Machinery (which 
includes sections on automatic control systems). Details: The 
Graduate Course Supervisor, Electrical Engineering Dept, The 
University, Edgbaston, Birmingham, 15. 


MONDAY 5S OCTOBER — FRIDAY 8 JULY 1960 


Postgraduate Course in Control Engineering. Applications to The 
Warden, College of Aeronautics, Cranfield, Bucks 


TUESDAY 6 OCTOBER — JUNE 1960 


Postgraduate Course in Control Engineering. Details: The Secre- 


tary, Cambridge University Dept. of Engineering, Trumpington 
St, Cambridge 


THURSDAY 22 — SATURDAY 24 OCTOBER 1959 
Eighth Annual Sima Convention. Brighton 


TUESDAY 10 — SUNDAY 15 NOVEMBER 

International Exhibition of Laboratory, Measurement and Autome 
tion Techniques in Chemistry. Basle. The Association of Swiss 
Chemists in collaboration with the Swiss Association of Automa- 
tion will hold a scientific congress covering the same fields 


MONDAY 16 — FRIDAY 20 NOVEMBER 
The Fifth Intemational Automation Exposition. New York 


TUESDAY 5 — THURSDAY 7 JANUARY 1960 

Symposium on recent mechanical engineering developments in 
automatic control. Details: The Secretary, Thé Institution of Mech- 
anical Engineers, London 


MONDAY 11 — WEDNESDAY 13 JANUARY 1960 

6th National Symposium on Reliability and Quality Control in 
Electronics. Washington. Details: R. Brewer, General Electric Co.” 
Ltd., Wembley, Middlesex. 


WEDNESDAY 10 — FRIDAY 12 FEBRUARY 1960 

Solid State Circuits Conference. Philadelphia. Details: The Chair- 
man, 1960 Solid State Circuits Conference, General Electric Co., 
Electronics Laboratory, Electronics Park, Syracuse, New York, 
USA 


MONDAY 22 — FRIDAY 26 FEBRUARY 1960 
lst Engineering Materials and Design Exhibition. Earis Court 


FRIDAY 10 — SUNDAY 26 JUNE 1960 
British Exhibition USA. New York. Details: British Overseas Fairs 
Ltd., 21 Tothill Street, SW1 


SATURDAY 25 JUNE — TUESDAY 5 JULY 1960 

Moscow Congress for Automatic Control. Details: Intemational 
F ederation of Automatic Control, Prinz-Georg-Strasse 79, Dussel- 
dorf, Germany 
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